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Letter of Transmittal

Office of the Administrator

MARCH 14, 1960

The President

The White House

Dear Mr. President: This, the Second Semiannual Report of the

National Aeronautics and Space Administration, covers the period April

I, 1959, through September 30, 1959. It is submitted to you for trans-
mittal to the Congress in accordance with the National Aeronautics and

Space Act of 1958, section Z06 (a).

NASA's operational achievements during the second six months
of its existence were substantial.

Seven astronauts for the Project M e r c u r y manned space flight

program were selected and began intensive training.

An Atlas booster propelled a Mercury capsule model t o an alti-

tude of I00 miles and a range of 1300 miles, a flight that culminated in

a successful test of capsule instruments, stability, and heat shielding.

Two monkeys, Able and Baker, survived a space flight at speeds

as great as 10,000 mph and to a peak altitude of 300 miles. The mon-

keys were part of a biomedical experiment carried in a J upit e r nose

cone in a flight conducted by the Army under NASA sponsorship.

The X-15 rocket-powered research airplane completed success-

ful glide-flight tests and made its first powered-flight test during the re-
port period.

E xpl o r e r VI, the so-called "paddlewheel" satellite, was suc-

cessfully launched into orbit. Later, it relayed a crude photograph of

the earthW s cloud cover and t r a n s m i t t • d valuable data on radiation,

micrometeroids, radio waves, and the earth's magnetic field.

Also successful was Vanguard III -- last of the Vanguard satel-

lite series -- which has provided data on the earthls magnetic field,
solar X-rays, and micrometeoroids.

NASA made significant progress in developing general-purpose

medium- and high-thrust rocket vehicles, with emphasis upon reliabil-

ity. These include Scout and Delta, t'work-horse" vehicles to launch

small-to-medium payloads (about 2 5 0 p o u n d s ) into earth orbits, and

smaller payloads on space m i s s ion s. On a larger scale is Centaur,

designed for missions of many types, which will use an Atlas booster to

lo ft heavy payloads -- placing 8, 000 pounds in a 300-mile earth orbit,

2, 300 pounds in deep space, and 730 pounds on the moon.



During the report period, NASA strengthened its ties with other

g o v e r n men t agencies and private organizations that contribute to the

National Space Program. The program i s constantly being reviewed to

cope with problems a s they evolve and to turn to good account advances

that have been coming rapidly on the frontiers of aeronautics and space

science and technology.

While NASA's operational activities continue to grow, its funda-

mental mission remains unchanged. As embodied in the National Aero-

nautics and Space Act of 1958, it is to direct all U.S. nonmilitary aero-

nautical and space research and development "for the benefit of all man-

kind. " In the latter regard, NASA increased its efforts in the interna-

tional field and made preliminary arrangements with several nations for

cooperative space ventures.

After the period covered by this report closed, several important

developments took place:

In October, you proposed the transfer to NASA of the Develop-

ment Operations Division of the Army Ballistic Missile Agency at Red-

stone Ar s enal, Huntsville, Ala., along with Saturn, the 1.5-million-

pound-thrust clustered rocket engine under development by the Division.

Unless Congress disapproves, this transfer will be effective 60 days

from formalnotification of Congress on January 14, 1960. The budgetary

transfer would be completed on July l, 1960; it would include 4, 300 em-

ployees of the Division and 815 supporting personnel. NASA would then

assume responsibility for l, 200 acres at the Arsenal, including Division

fac ilit ie s.

In November, NASA was assigned sole responsibility for devel-

oping high-thrust space vehicle boosters, regardless of their Ultimate

exploitation for civilian or military missions. With this action, NASA

assumed direction and control of the Nation's nonmilitary space program

in all its aspects, remaining at the same time, "fully responsive" to the

Department of Defense in defense-related technology.

On December 11, NASA cancelled its development program for

the Vega launch vehicle which was based on use of the Atlas as a booster

and a modified version of V angua r d as the second stage. Vega would

have been capable of propelling a 4, 800-pound vehicle in a 300-mile earth

orbit or of firing 1,000 pounds to the moon. Development of Vega was

cancelled to avoid duplication, and to increase reliability by keeping the

types of rocket vehicles in the program to the minimum.

Among high-thrust developments are the Saturn vehicle, a clus-

ter of boosters designed to deliver 1.5-million pounds of thrust, and the

F- 1 s ingle -chamber rocket engine, which will also be capable of 1.5

million pounds of thrust. The F-1 ultimately will be clustered to form

a multi-million pound thrust booster.



Recently the first U.S. rocket engine fueled with liquid hydrogen
-- the powerful XLR- ll5, with 30 percent greater thrust than present
engines using kerosene and liquid oxygen -- was successfully test fired
at full thrust. It will be used to power the Centaur space vehicle which
will be mounted on a modified Atlas. The XLR-115 will later power an
upper stage of Saturn.

To speed development of rocket vehicles, NASA reorganized its

headquarters in late 1959. It created an Office of Launch Vehicle Pro-

grams to which the Huntsville group will report directly. Other NASA

divisions under the new organization include: the Office o f Space Flight

Programs, which is charged with mission-planning, payload design and

development, and in-flight research and operation; the Office of Advanced

Research Programs; and the Office of Busine s s Administration.

I believe that this report portrays a record of solid accomplish-

ment, evidencing a firm base upon which the National Aeronautics and

Space Program will continue to progress and gain momentum.

Sincerely,

T. Keith Glennan

Administrator
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Wenring a futt precrewe auit of the type being developed for ure in the 
NASA Project Mercury pro~grm, an engineer inepects a full-scale msdel ofrhe 
Project Mercury cai)aule being mnmucted by UcDannell Airerdt Ca., St. L o ~ R ,  
90. AE lower lek is the mounting far retmmckers which, when fired in the d h e =  
tion of the capsule's flight, wilt r e d  its p e d  uo that if will  reenter the earth's 
amsphere for resovsry. (See Prajecr Yewwry, 1 
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SECTIONI

INTRODUCTION AND HIGHLIGHTS



INTRODUCTION

CHAFTER I

FRA_[EWORK OF PROGRESS

The Second Semiannual Report of the National Aeronautics

and Space Administration gives an accounting of NASA activities

from April 1 to September 30, 1959. During this period, the

agency continued developing its organization. NASA moved for-

ward with an operational space flight program, sustained by

broadened research and development in space sciences and tech-

nology. Of perhaps equal importance, NASA was able in the

light of experience to set more positive goals, immediate and

future, than had been possible during earlier stages of the
National Space Program.

The mission of NASA is to direct the government's nonmili-

tary activities in aeronautics and space research and develop-

ment, and to cooperate with and support Department of Defense

activities in these fields. (In aeronautics, NASA restricts
its work to research.) FAu_ntally_______L_f the national

program is exploration of space to extend knowledge of the

$o the motH-and to-thep__e-_s 'n-e_re_st-tHe-ear_t_ _and to uti-

liz_ _nd d_ssem_nat_,zh e info_atiO_w_ain-abou-t--_

environment for the peaceful benefit oi_al_!--_-_n_'_ -'

Already it has been proven that space technology is feas-

ible for such promising applications as weather surveillance

and long-range telecommunications. Other developments, such

as microminiaturization of electronic components for space ve-

hicles, are beginning to enrich the economy as they are adapted

for use in industrial equipment.

In 1960 and in the years immediately ahead, NASA will

heavily stress the development of launching vehicles with

greatly increased weight-liftlng capacity and reliability. Ef-

fort will also be concentrated on developing midcourse and ter-

minal guidance equipment and techniques. A substantial program
of scientific research will be carried out through use of earth

satellites and spacecraft. Meanwhile, there will be increasing

emphasis on lunar missions of many types, important steps to-

ward developing the vehicles, instrumentation, and measurement

techniques that eventually will enable man to explore the plan-
ets and interplanetary space.

Associated tracking and telemetry systems -- essential and

integral to space-flight programs -- are being developed in
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parallel to the four types of missions that require them:
sounding rockets, space probes, and manned and unmanned earth
satellites.

During NASA's second half-year, noteworthy progress was
made in the fields of space vehicle development; manned space
flight; space sciences; and advanced space research and aero-
nautics research, basic and applied, that supply the knew-
ledge upon which the technology of flight within and beyond
the earth's atmosphere can build.

In addition, the period was marked by growing NASA activi-
ties with foreign governments and organizations and with in-
ternational groups interested in space research and develop-
ment as it applies to human well-being. NASA entered discus-
sions with other nations to obtain permission to operate track-
ing stations abroad. Arrangements for a joint U.S.-Canada
ionosphere-sounding project were made. NASA officials took
active part in proceedings of the Ad Hoc Committee on the
Peaceful Uses of Outer Space of the United Nations, the Com-
mittee on Space Research (COSPAR) of the International Council
of Scientific Unions, the International Telecommunications
Union, NATO's Advanced Group for Aeronautical Research and De-
velopment (AGARD), and with a number of individual members of
the European scientific community.

SPACE FLIGHT PROGRAMS

Manned Space Flight Program

The first stage of this undertaking is Project Mercury,

which is designed to place a man in orbit around the earth,

to recover him, and to study human capabilities under the

stresses of acceleration, weightlessness, deceleration, and

landing.

Space Sciences Program

This program is devoted to gathering data by satellite,

space probe and sounding rocket, in the fields of geophysics

and astrophysics. Under intense study are the properties and

behavior of the earth's atmosphere, ionosphere, magnetic

field, auroras, and other phenomena. Other experiments con-

cern cosmic rays, radiation zones and solar winds thousands
of miles from earth. Still other studies deal with phenomena

at interstellar distances.

Satellite Applications Program

Here the goal is to apply space technology to practical,

beneficial activities. As the program advances, it is ex-

pected to improve weather forecasting, make navigation for air
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and sea travel more exact and timely, and provide worldwide
television and telephone services.

Lunar and interplanetary Programs

Initial steps involve probes past and around the moon,

then "hard" and "soft" lunar landings by unmanned instrumented

satellites, followed by manned lunar expeditions. Probes to

Mars and Venus, with the ultimate goal of manned exploration

of the planets, will be launched on the appropriate astrono-

mical dates, as the technology permits.

National Space Vehicle Program

As of September 30, this program was concentrated on a

series of vehicles -- Scout, Delta, VegaS, Centaur, Saturn --

and the F-I 1.5-million-pound-thrust, single-chamber rocket

engine w each capable of carrying a larger payload and per-

forming a more complex mission than its predecessors. The

objective is to attain maximum capability with minimum re-
search and development. Each vehicle type will be utilized

in numerous and varied space experiments to achieve high re-

liability.

ADVANCED RESEARCH PROGRAMS

Extensive, step-by-step research is required to develop

the technology needed for building the advanced vehicles

planned for NASA missions. Research is directed toward ans-

wering such questions as: What type of structure is required
to withstand the stresses of launching and the heating en-

countered on reentering the atmosphere? How can we transmit

and receive information through ionized layers of the atmos-

phere? How will we go about making landings on the moon?

How can we protect the vehicle from micrometeoroid damage?
What is the most efficient propulsion for missions of long

duration? How can we best guide and navigate the vehicle dur-

ing the various stages of the mission? What is the best way

to provide power for operating the electronic equipment and

life-support systems?

The advanced space research program centers upon coming

generations of space vehicles, manned and unmanned; the prob-

lems of launching large boosters; guidance and navigation

during space missions; micrometeoroid damage to vehicles;

space propulsion for long missions (1,O00 days or more); ren-

dezvous techniques; and lunar and planetary landings. Re-

entry into the earth's atmosphere by a variety of vehicles is

under study along with the technology of space platforms, in-

cluding ways of erecting and resupplying them.

Cancelled December ll, 1959
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The aeronautical research program involves the develop-

ment of concepts and experimental verification of those con-

cepts for advanced vehicles operating solely within the atmos-

phere. Research is conducted on aircraft through a wide

range of velocities -- from hovering to near-orbital speeds.

Under study are problems of flight efficiency, aerodynamic

stability and control, propulsion, structure, and operations
of such aircraft.

-4-



NASA HIGHLIGHTS*
(April 1 - September 30, 1959)

CHAPTER 2

April 2. -- SEVEN PROJECT MERCURY ASTRONAUTS SELECTED. This

followed intensive screening of candidates through intelli-

gence, physiological, psychological, physical, and stress
tests.

. -- PROJECT TIROS TRANSFERRED TO NASA from Department
se. Project Tiros is a further step in the meteoro-

logical satellite program in which Vanguard II was the first

experiment.

April 13. -- VANGUARD LAUNCH FAILS due to second stage mal-
function. Payload instrumentation was designed to gather and
transmit information on the earth's upper atmosphere and

magnetic field.

NASA AWARDS CONTRACT FOR DELTA VEHICLE. Douglas
_'C_? will act as prime contractor for design, fabri-

cation, test, and launch of 12 vehicles intended to place a

variety of satellites and probes into space.

. -- TWO MONKEYS SURVIVE A SPACE RIDE at speeds as great
000 mph and altitudes as high as 300 miles, an experi-

ment in which NASA participated with the military services.

The monkeys were part of a biological payload in an Army Jupi-
ter nose cone. Valuable physiological and psychological data

relating to space flight were obtained.

June _.-- SIX-STAGE ROCKET REENTRY TEST SUCCEEDS at Wallops

_I-_. Reentry speed was 16,000 mph. Significant data on

space-vehicle reentry physics were obtained.

June 8. -- X-15 PASSES GLIDE-FLIGHT TEST (from B-52 aircraft).

Launching, aerodynamic control, and landing characteristics

were satisfactory.

June 22. -- RADIATION BALANCE SATELLITE EXPERIMENT FAILS. A

pressure regulator in the Vanguard booster second stage did

not function, permitting pressure to build up and blow the

rocket apart.

. -- NASA AWARDS CONTRACT FOR SOLID-FUEL ROCKET ENGINE
ERY HIGH PERCENTAGE OF PROPELLANT BY WEIGHT, marking a

significant advance in propulsion technology. Grand Central
Rocket Company will build the prototype, which can utilize

existing propellants.

Details are in later chapters.
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July i. -- CENTAUR ROCKET PROGRAM TRANSFERRED TO NASA from the
Advanced Research Projects Agency (ARPA) of the Department of
Defense.

July 8. -- JUPITER DROPPED FROM MERCURY PROGRAM. Boosters for
this program will be a combination of eight solid-rocket en-

gines used for "Little Joe," the Atlas for "Big Joe" tests,
the Redstone for training flights downrange, and the Atlas

for orbital flights.

July 9. -- ION-ROCKET ENGINE PROTOTYPE operated at Lewis Re-
search Center. Spacecraft powered by electrical engines will

be capable of long-duration flights into far regions of space.

. -- JUNO II ROCKET CARRYING EXPLORER SATELLITE DES-

in flight. AMR safety officer destroyed the rocket

5 1/2 seconds after lift-off when it veered toward mainland.

July 20. -- NASA AWARDS CONTRACT FOR MERCURY NETWORK, ground
telemetry and radar tracking stations, to Western Electric Co.,
Inc. Stations will maintain almost constant communication

with the pilot and gather information on capsule and astro-
naut behavior and reactions.

July 22. -- INTERNATIONAL PROJECT MERCURY RANGE NEGOTIATIONS
begun to permit operation of tracking stations abroad.

July 24. -- MODIFIED U.S. NAVY MARK IV PRESSURE SUIT SELECTED
for astronauts. The suit is made by B. F. Goodrich Co.

August 7. -- EXPLORER VI PLACED IN ORBIT by a Thor-Able III
booster. The "Paddlewheel" satellite carried instruments to

gather and transmit information on radiation, meteoroids,

radio waves, and earth's magnetic field, and to relay a photo-

graph of earth's cloud cover.

August 14. -- TWELVE-FOOT INFLATABLE SATELLITE LAUNCHING FAILS

because of premature fuel exhaustion in JUNO II booster and

malfunction of attitude control system for upper stages.

. -- EXPLORER VI TRANSMITS CRUDE IMAGE OF EARTH'S
North Central Pacific Ocean) and cloud cover. Area

photographed was some 20,000 miles from the satellite camera.

August 17. -- NIKE-ASP SODIUM VAPOR ROCKET EXPERIMENT SUCCEEDS.

Perfect flight and precise timing of sodium vapor release re-

sulted in measurement of wind velocities as high as 600 miles

per hour in upper atmosphere, between 50 and 150 miles above

the earth. Orange-yellow sodium vapor cloud, ejected over

coastal Virginia, was seen from Maine to Florida and as far
west as Ohio.
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August 18. -- SECOND SODIUM VAPOR ROCKET EXPERIMENT FAILS
when Nike-Asp rocket malfunctions.

. u FIRST "LITTLE JOE" LAUNCHING OF MERCURY CAPSULE
cause escape mechanism fired prematurely.

September 9. -- "BIG JOE" EXPERIMENT SUCCEEDS. Atlas launched
from AMR carried boilerplate Mercury capsule lOO miles above

earth. Capsule was recovered in the Atlantic Ocean north of

Puerto Rico. Capsule instruments, stability, and heat shield

met performance specifications.

September 17. -- X-15 COMPLETES FIRST POWERED FREE FLIGHT.
Launching of the X-15 from the B-52 mother craft, and its pro-

pulsion, control, and landing characteristics were generally

satisfactory.

September 18. R VANGUARD III SATELLITE PLACED IN ORBIT.
Satellite is instrumented to gather and transmit data on

earth's magnetic field, solar X-rays, and micrometeoroids.

Success of Vanguard III completed Vanguard experiments, the

Nation's first scientific satellite program.

September 2_. -- ATLAS-ABLE VEHICLE FOR LUNAR ORBIT SHOT EX-
FLODES during ground test at AMR. The vehicle, which would

have fired a 375-pound payload into a lunar orbit, was to be

first U.S. attempt to employ midcourse and terminal guidance.

-7-
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OPERATIONAL MISSIONS

CHAPTER 3

LAUNC H ING S

April Vanguard Fails

Pressure Regulator at Fault -- On April 13, 1959, at
9:49 p.m. EST, a Vanguard rocket bearing a twofold earth

satellite experiment was launched unsuccessfully from the

Atlantic Missile Range (AMR), Cape Canaveral, Fla. A fuel

pressure regulator in the second stage malfunctioned, causing

a 0.3-second delay in separation from the first stage. The

resulting disturbance in the second-stage nozzle flow caused

the vehicle to tumble. After a flight of eight minutes, the

vehicle came down several hundred miles downrange from Cape
Canaveral.

Monkey Experiment Succeeds

Mission Tests Primate Reaction in Space -- On May 28, at
3:38 a.m. EDT, an Army Jupiter booster launched a nose cone

package from AMR, carrying two living passengers -- Able, a

seven-pound, American-born rhesus monkey, and Baker, a one-

pound South American squirrel monkey, both females. Purposes

of the mission were to recover the nose cone and obtain phys-

iological and psycho-physiological data on animals of primate

level under the stresses of space flight. Medical portions

of the experiment were carried out under NASA sponsorship by

the Army Medical Service and the Army Ballistic Missile Agency,

with the cooperation of the U.S. Naval School of Aviation Med-
icine and the U.S. Air Force School of Aviation Medicine.

Capsule Environment Controlled -- Basic to the dual mis-
sion was a capsule (a sealed, pressurized cabin) that would

safeguard life under the stresses of acceleration, decelera-

tion, and the heat of reentry, and provide an environment in

which temperature, humidity, oxygen supply, and carbon dioxide

were properly controlled. In every respect, the capsule met

test specifications.

Payload Recovered -- After a 15-minute flight at altl-
tudes as high as 300 miles, the nose cone and its payload were

lowered by parachute, as programmed, into the South Atlantic,

40 miles north of Antigua, West Indies Federation, and some

1,500 miles from the Florida launching site. Ninety-three

minutes after liftoff, the nose cone was hoisted from the

ocean by the crew of the U. S. Navy tug Kiowa.
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Extensive Physiological Data Obtained w Electrodes
planted just beneath the skin of the animals reported flight

effects upon heart action, temperature, respiration, and mus-

cular reactions. Because of an electronic failure, Able's

electrocardiograph channel did not record during flight, but

12 other electronic channels did report data.

Other Biolo6ical Experiments -- Besides the two monkeys,
the scientific payload contained experiments to test the ef-

fects of cosmic rays, acceleration, deceleration, weightless-

ness, and ather factors upon low-order living organisms.

Among the experiments were corn and mustard seeds, onion tis-

sue, fruit fly pupae, sea urchin sperm and eggs (some ferti-

lized before and some during flight), and human whole blood.

June Vanguard Fails

Pressure Resulator Asain at Fault -- A Vanguard rocket,
carrying a 22.5-pound satellite to measure the radiation bal-

ance of the earth and its atmosphere and the flux of solar

energy, was launched from AMR, June 22, at 4:16 p.m. EDT.

The satellite failed to orbit because, as in the April 13 ex-

periment, a pressure regulator in the second stage malfunc-

tioned. The malfunction permitted pressure to build up to

the point where the pressure tank split apart.

Explorer Booster Vehicle Destroyed

Guidance Power Supply Malfunctions -- On July 16, at

12:37 p.m. EDT, NASA, With the U.S. Army as agent, attempted
to launch a 91.5-pound Explorer satellite from AMR with a

Juno II rocket. The range safety officer destroyed the vehi-

cle 5.5 seconds after liftoff when it veered sharply toward

the mainland. Failure of the guidance-system power supply
caused the malfunction.

Explorer VI Succeeds

Launching Accordin_ to Plan -- The 142-pound Explorer VI
earth satellite was launched from AMR by a Thor-Able III roc-

ket on August 7, 1959, at 10:23 a.m. EDT. NASA funded and

managed the project, with the U.S. Air Force as agent. The

launching went smoothly; the vehicle performed so nearly ac-

cording to plan that it was unnecessary to fire a reserve

rocket installed in the satellite to provide additional thrust.

Achieves Hi6hest Orbit -- Explorer VI went into a highly

elongated, elliptical orbit, with a perigee of 156 miles, an
apogee of 26,357 miles, and a period of 12 1/2 hours. At

apogee, the satellite is so far from the earth that it is

noticeably affected by the moon's gravitational field. As a

result of this perturbation, the perigee altitude is also

affected, and will grow gradually lower until air drag will
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eventually cause the satellite to burn up.

probably remain in orbit more than a year.

Explorer VI will

Batteries Charsed by Sun -- Batteries for Explorer VI
are charged by the sun. Four large vanes, each studded with

2,000 solar cells (1,O00 cells on either side) were to extend

from the side of the satellite, giving it the appearance of a

paddlewheel. During the launch phase, one of the solar cell

vanes failed to extend completely and the battery-charging

system produced only 65 percent of the programmed power. This
meant that the 378-mc digital transmitter could not be oper-

ated to the extent planned. However, the other transmitters

functioned satisfactorily.

Contains Complex Package -- Explorer VI is a complex
scientific package, containing 14 experimental devices, in-

cluding: a scanning device to relay a crude representation
of the earth's cloud cover; three devices to measure parti-

cles of different energy ranges in the layers of the Great

Radiation Region;$ a detector to determine the number and ap-

proximate energy of micrometeoroids striking the satellite;
four experiments to study behavior of radio waves in space;

and two instruments to study the earth's magnetic field. The

solar cells recharge the chemical batteries which power three
radio transmitters and two receivers.

Reveals Radiation Data -- Explorer VI, which contains far
more elaborate instrumentation for radiation detection than

its predecessors, has reported much new information on the

Great Radiation Region. It has indicated the existence of

previously undetected particles of higher energy than those

discovered by earlier satellites. Some 1,O00 miles above the

surface of the earth at lower latitudes, the radiation ap-

pears to be composed chiefly of protons having energies above
75 million electron volts (mev). The region also contains

electrons with energies of 13 mev or higher. The high-

energy particles extend over a band about 300 miles thick.

Confirms Outer Radiation--The satellite confirmed

existence of radiation detected earlier. However, energies

reported by Explorer VI were only 1/lO to 1/20,000 as intense

as those reported by previous satellites and probes. Ex-

plorer VI discovered pockets of radiation that kept appearing

and disappearing, probably as a result of solar disturbances.

The main concentration of particles is believed to consist of

electrons that stream continually from the sun and are trapped

in the earth' s magnetic field. Early Explorer VI data indi-

cate that the Great Radiation Region may consist of a single

Belts of high-energy charged particles, trapped in the

earth's magnetic field, first reported by James A. Van Allen,

of the State University of Iowa.
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Explorer V I ,  launched in to  o r b i t  on August 7, is shown with paddles down 
and locked while it is f i t t e d  t o  the f a i r ing  which protected it during 
the  first and second stages of f l ight .  
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wide zone or region with characteristics that vary in differ-

ent sections, rather than two "doughnuts" of trapped radia-

tion indicated by earlier experiments.

Cloud Picture Transmitted -- On August i_, while the

satellite was passing over Mexico at an altitude of about

17,000 miles, it transmitted to a ground station at South

Point, Hawaii, a crude picture of a sunlit, crescent-shaped

portion of the North Central Pacific Ocean. The area photo-

graphed was about 20,000 miles from the telescope-like camera

peering from the spinning satellite. A two-pound scanning

device, the camera consists of a tube containing a mirror to

receive and focus impressions of light on a sensitive photo-
cell and an electronic circuit and counter to transform the

light impressions into coded electrical impulses.

Converted into Radio Si_nals_" -- The electrical impulses

are converted into radio signals, received on earth as a
series of dots on a facsimile unit. The dots form a line of

light impressions; these lines gradually build up a crude

photo image of the area scanned. The picture transmitted on

August 14 shows blurry white lines with some dark and some

light areas. Although not clearly defined, the image has

enough detail to indicate correspondence between the light
areas and what are either clouds over the North Pacific or

reflections of sunlight from the water.

Ultra-Narrow Bandwidth -- Because the system is designed

ultimately to transmit over millions of miles, an extremely
narrow bandwidth -- 1.5 cycles per second -- was used. Some

40 minutes were required to transmit the picture of the Paci-

fic Ocean to the tracking station.

August Juno II Rocket Fails

Fuel Gave Outl Attitude Control Malfunctioned -- On
August l_, at 7:31 p.m. EST, NASA, with the Army as agent,

attempted to launch a 12-foot diameter inflatable satellite
from AMR with a Juno II rocket. The payload failed to orbit

because fuel gave out prematurely in the booster and the at-
titude-control system for the upper stages malfunctioned.

Presumably the vehicle and payload burned during reentry.

The purposes of the experiment were to test ejection and

inflation and to measure upper-atmosphere density. The satel-

lite, made of Mylar plastic film and aluminum foil, weighed
10 pounds; it contained no instrumentation. The ejection and

inflation mechanism consisted of a nitrogen bottle, a bellows,

a piston, and a connecting valve. The satellite was carried

aloft in a stainless steel cylinder, seven inches in diameter

and 31 1/2 inches long.

The satellite stopped transmitting on October 6, 1959,

probably because of an electronic failure.
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Last Vanguard Succeeds -- Program Completed

Attains Planned Orbit -- Injection of Vanguard III into

orbit at 1:29 a.m. EDT on September 18 marked the end of
launching activities in the Nation's first scientific earth

satellite program.

The rocket vehicle that launched Vanguard III was the

last of a series of 14. Seven were launchers designed to

place a scientific earth satellite into orbit as part of the

U. S. contribution to the International Geophysical Year (IGY).

Other vehicles were fired as proof-test units without upper
stages. An earlier vehicle was presented to the Smithsonian
Institution.

Rich Vanguard Heritage -- Although the launching phase of

Project Vanguard has been completed, the personnel, techniques,

and hardware developed during the program are continuing to

contribute substantially to the U.S. space effort. Vanguard

constituted an entire system of space technology, including

vehicles and instrumented payloads, a world-wide tracking net-
work, and a scientific research program.

Vanguard III Payload -- Vanguard III is a magnesium

sphere 20 inches in diameter, with a 26-inch tapered tube at-

tached. The tube is made of glass-fiber-reinforced plastic

(six inches in diameter at the base, tapering to 2.6 inches),
and carrles a proton magnetometer at its tip.

The payload includes twin ionization chambers (respond-
ing to radiation in the range between one and lO angstroms)

to measure solar X-rays. Vanguard III is also instrumented

to measure impacts by micrometeoroids.

Heaviest Vanguard -- With a perigee of 319 miles and an
apogee of 2,329 miles, the satellite has an expected lifetime

of 30 to 40 years. The payload weighs 50 pounds -- more than

twice the weight of Vanguard II.

Chan_e in Third Stage -- The sPent third-stage rocket
casing is attached to the satellite (to slow down the rate of

tumble), bringing the total weight in orbit to about lO0

pounds. An Allegany Ballistics Laboratory solid-propellant

engine was substituted for the Vanguard's regular Grand Cen-

tral X-242 third stage, making it possible to boost the extra

weight. The ABL engine burns lO seconds longer than does the
Grand Central rocket.

Sounding Rockets

Six-stase Vehicles Fired from Wallops Station -- NASA
and the Advanced Research Projects Agency (ARFA) of the De-

partment of Defense are conducting joint research in reentry
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physics with six-stage rockets fired from NASA's Wallops Sta-

tion, Wallops Island, Va.

The six stages of the vehicle are Honest John, Nike, and

Lance boosters, a Thiokol T-40 and a Thiokol T-55 rocket en-

gine, and a spherical NASA-developed rocket engine as the last
stage.

To simulate a space vehicle's reentry into the friction-

inducing atmosphere, the first three stages lift the vehicle

to a peak altitude of about 200 miles and, after a coasting

period following third-stage burn-out, the last three stages

are fired and the vehicle is propelled earthward at speeds
up to Mach 22_ (about 16,O00 mph).

Data are obtained by means of optical devices, radar, and

telemetry. Atmospheric friction at downward-leg speeds causes
the final stage to be consumed in flames.

On March 3, the sixth stage of one of these vehicles mal-

functioned. Why it failed has not been determined. On June

4, a six-stager was fired successfully.

Research Centered at Wallops Island -- More than 3,000
multi-stage, research rockets o_ all types have been fired

from Wallops Island since 1945 when the National Advisory
Committee for Aeronautics established a center there for re-

search into transonic and low supersonic speeds. A number of
these rocket designs have been utilized as the basis for com-

ponents of sounding rockets used under space flight conditions.

Sodium Vapor Cloud Experiments -- Two recent experiments
involved the ejection of sodium vapor trails to obtain geo-
physical data on wind velocity.

The first of two Nike-Asp sounding rockets was fired at
5:18 a.m. EDT on August 17. Its 75-pound payload included

10 pounds of sodium pellets mixed with thermite compound.
The sodium-thermite mixture was burned to create a sodium

vapor trail from an altitude of 50 miles to the peak rocket
altitude of 150 miles.

The vast orange-yellow cloud was visible over a large

area of the Eastern Seaboard. Drifting inland, it was seen

as far south as Vero Beach, Fla., as far north as Pittsburgh,
Pa., and as far west as Dayton, Ohio. Scientists photo-

graphed the cloud and are now studying data to aid in future

studies of wind velocity and direction, and diffusion pheno-
mena in the upper atmosphere. Results indicated that winds
with velocities as high as 600 miles per hour sometimes exist

at an altitude of 150 miles.

Macn i is equal to the speed of sound.
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The second experiment, launched August 18 at 8:34 p.m.
EDT, failed because a fin of the second stage Asp was damaged
during launching. The vehicle became aerodynamically unstable
and broke apart in flight.
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As viewed from f i e l d  
photograph s ta t ion  

3 

2 

1 

As viewed from Wallops 
Island, Va. 

Sequence in Emission of Sodium Vapor Cloud by Nike-Asp Sounding 
Rocket on August 17, 1959 
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NATIONAL SPACE VEHICLE PROGI|AN

CHAPTEll 4

GOALS: GREATER RELIABILITY, LARGER PAYLOADS

NASA vehicle development emphasizes simplicity and re-

liability. To date, vehicles used in the scientific space

program have evolved from types designed for ballistic mis-
sile service. The variety has been too large to provide the

reliability that comes from firing individual types repeat-

edly. To achieve greater reliability, NASA has designed its
vehicle development program to insure that the required pay-

load and performance capabilities will be provided by a mini-

mum number of vehicle types. The new vehicles will permit

space experiments with payloads weighing several thousand

pounds.

Vehicles Involved

As of September 30, the programwas concentrated on de-

veloping Scout, Delta, Vega, and Centaur.

Scout and Delta are to be "work-horse" vehicles for

launching small-to-medium payloads in the near future.

Development of Scout is nearing completion. The first
firing of this vehicle is scheduled for mid 1960.

Construction of Delta is on schedule.

Centaur, a general-purpose vehicle, is being developed
for later and more advanced experiments. Designed for great

reliability, Centaur will propel heavy payloads on many types

of space missions, including high and low earth-satellite or-

bits, and lunar and planetary probes.

Design and fabrication of Centaur were carried forward

during the report period, as the second-stage engine under-
went full-duration tests.

Scout

Scientific experiments planned for the next five years

require highly versatile, reliable, and inexpensive vehicles

that can be used to conduct a wide range of experiments.

These include a variety of scientific payloads designed for

300-500 mile orbits, as well as for space probes, high-velo-

city reentry tests, and advanced heating and ablation studies.
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To meet these requirements, Scout was designed from the
reliable, multi-staged, solid-propellant rocket systems that
Langley Research Center has developed during the past decade
for aerodynamic and reentry experiments at high velocities.

Vehicle -- The Scout vehicle comprises four technically

advanced solid-rocket stages. The guidance system incorpor-

ates gyroscopic stabilization and a built-in, pre-set program

which will permit a variety of trajectories. Controls consist

of jet vanes and aerodynamic surfaces for the first Stage,

peroxide reaction jets for the second and third stages, and

spin-stabilization for the fourth stage. Scout will be cap-

able of launching payloads of about 200 pounds in circular

west-east orbits at altitudes of 300 miles, and of launching

probes with lO0-pound payloads to altitudes of 6,000 miles.

Scout may also be utilized for high-velocity reentry tests.

Because Scout engines use solid propellants, they are

easier and simpler to handle than are liquid-fuel rockets.

The components are also simpler, as are launching and handling

techniques. As a result, the vehicle does not require a

great launching complex such as that at Cape Canaveral; it

can be fired from a number of sites, including NASA's Wallops
Station. This circumstance should reduce handling and launch-

ing costs substantially.

Scout Status -- The four major areas of Scout develop-

ment are: propulsion, guidance and control, airframe, and

launcher. Development and procurement contracts for compon-

ents were awarded early in 1959. By the end of this report

period, most of these had been fabricated and were in pro-

cess of qualification testing.

Propulsion -- The Scout first stage, being developed by
the Aerojet-General Corp., Sacramento, Calif., is a 23,000-

pound rocket having a thrust of about llS,000 pounds. As of

September 30, the first eight flight motors had been com-

pleted and five had been shipped to Wallops Island where they
were fired.

The second-stage engine, an S,900-pound rocket having a

thrust of 56,000 pounds, is being developed by the Redstone

Division of the Thiokol Chemical Co., Huntsville, Ala.

Basically a Sergeant rocket, the engine is fueled with an
improved propellant and has a larger nozzle cone for high-

altitude performance. A small contract for a second-stage

backup engine, using the same rocket hardware, was let in
early 1959 to the Aerojet-General Corporation.

The third-stage engine, a 2,200-pound rocket having a

thrust of 13,600 pounds -- a scale-up of the existing fourth

stage -- is being developed by the Allegany Ballistic Lab-

oratory, Cumberland, Md. Although difficulties with chamber
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insulation and fabrication caused several early failures, by
October the third stage had been successful in five of eight
test firings. The third-stage rocket is constructed of re-
inforced plastic -- basically fiberglass with epoxy resin
binder.

The fourth-stage engine, developed by the Allegany Bal-
listic Laboratory, is a 500-pound rocket with a thrust of
3,100 pounds. Because this stage was adapted from the Van-
guard upper-stage rocket, no development tests are required.
Like the third stage, this unit is constructed of fiberglass
and epoxy' resin.

Guidance and Control -- Guidance for Scout is being de-

veloped by the Missile Development Laboratory of the Minnea-

polis-Honeywell Regulator Co., Los Angeles, Calif. The two

hydrogen-peroxide stabilization systems for the vehicle are

being developed by Walter Kidde Co., Inc., of Belleville,

N.J. The systems have been fabricated; reaction-chamber

operating problems are being investigated.

Airframe -- The contract for the Scout airframe calls

for integrating the rockets, guidance and control systems,

and payloads. The task is being carried out by the Vought

Astronautics Division of Chance-Vought Aircraft Corp., Dal-

las, Tex. Minor engineering problems have been solved and

components for flight vehicles have been shipped to the

launching site at Wallops Island.

Launcher -- The Scout launcher, fabricated by the Vought

Astronautics Division of Chance-Vought, is being erected on

a pad at Wallops Island. A complete launcher assembly with

a mockup vehicle at the company's plant indicated no prob-
lems.

Modified Scout Vehicle -- The Air Force has started a

development program (designated 609A) based on combinations

of Scout stages for military and scientific applications.
Coordination of the efforts of NASA and the Air Force Ballis-

tic Missile Division, Los Angeles, Calif., includes a NASA-

Air Force committee to define responsibilities and to make

basic decisions. Aeronutronic,a division of Ford Motor Co.,

Glendale, Calif., was chosen to coordinate Air Force vehicle

systems.

Development and procurement of modified Scout vehicles

for the 609A are being carried out by NASA for the Air Force.

About lO vehicles are to be purchased for the Air Force.

Flights will be from AMR. An auxiliary system for spin-

stabilizing the terminal stage will be developed.

Delta

The Delta vehicle will be capable of placing 100-300

pounds into circular orbits of 1,O40 miles and into elliptical
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orbits of between 156 and 46,1OO miles. It will also be able
to reach the moon with 65-pound payloads.

Vehicle -- The three-stage Delta vehicle is a modified

Thor-Able. A modified Thor operational missile forms the

first stage, in which an adapter section replaces the Thor

warhead. This section, which supports the second stage dur-

ing first-stage burning, opens into four petals to allow the

second stage to separate after it is ignited.

The second stage is an improved version of the Vanguard

second stage. Radio guidance and an attitude-control system
for coasting flight have been added, and a steel thrust cham-

ber replaces the aluminum Vanguard unit.

The third stage, a spin-stabilized modification of the

Vanguard solid-propellant motor, carries the payload.

Progress -- All major elements of the Delta vehicle are
on schedule. Four sets of hardware for a series of launch-

ings were delivered to Langley Research Center on schedule.

Object of these experiments is to test the third-stage of the

Delta system and a 100-foot inflatable sphere -- a communica-

tions satellite experiment -- by firing them to an altitude
of 250 statute miles. Clustered, operational solid rockets
will be used as boosters for the tests.

Missions and Schedules -- Delta will be used to launch

the 100-foot sphere for communications experiments (Project

Echo), a meteorological satellite {TIROS II), radiation and

spectroscopy experiments, a deep space probe, and several at-
mospheric and ionospheric experiments. The first Delta

launching is scheduled for early 1960, with other firings
continuing through 1962. Launchings will be divided between

the Atlantic Missile Range and the Pacific Missile Range.

The cancelled Vega would have been a general-purpose

space vehicle, drawing largely on existing components.

Centaur

The Centaur general-purpose vehicle being developed by

NASA will place a communications satellite in an equatorial

orbit at an altitude (approximately 22,300 miles) that will

The Vega project included both a two-stage and a three-

stage booster. The first stage was an Atlas. The second

stage, an engine originally used as the primary booster for
Vanguard, was being modified to permit in-flight stopping and

restarting. The third stage was to utilize the 6,0OO-pound-

thrust, storable-propellant engine under development by the

Jet Propulsion Laboratory.
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permit the satellite to remain fixed over one spot on the
earth's surface. The vehicle will be employed also for
earth-satellite and lunar and planetary scientific missions.

Vehicle -- Centaur's first stage is an Atlas-D missile,

modified by replacing the tapered forward part of the liquid

oxygen tank with a cylinder of the same diameter as the aft
portion of the Atlas. An adapter attached to the upper end

of the Atlas holds the second stage.

The second stage and the payload are protected by a nose
cone 6hat will be jettisoned early in flight, as soon as

aerodynamic heating is no longer critical. The second stage

is powered by a two-barrel, turbopump-fed, rocket engine,

with liquid hydrogen and liquid oxygen as propellants. The

use of high-energy hydrogen fuel accounts for the high load-

carrying capacity of Centaur.

Progress-- Atlas boosters for all Centaur vehicles have

been purchased by NASA from the Air Force Ballistic Missiles

Division. Design and fabrication of the second-stage vehicle

are under way.

The inertial guidance system for the Centaur is progress-

ing on schedule.

In September a heavy, nonflying simulator of the tank-

age for Centaur was completed and installed for testing at
the Point Loma test site in California.

Missions and Schedules -- The first Centaur firing is
scheduled for mid-1961. The first six missions will have

progressively more difficult orbits, culminating in a 24-

hour stationary orbit. The first three Centaurs may carry

small scientific and engineering payloads in addition to
vehicle instrumentation.
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MANNED SPACE FLIGHT

CHAPTER 5

PROJECT MERCURY

Program Plans and Objectives

Project Mercury is the first phase of the U.S. manned

space flight effort. Its primary objective is to determine
man's capabilities in a space environment. Because of the

project's far-reaching significance, NASA designated Mercury
as one of its top-priority goals for the period 1959-1961.

Planning is completed. Well under way are Mercury capsule
development, booster adaptation, development and installa-

tion of the tracking network, and construction of the

launching complex. Seven Mercury astronauts have been se-

lected and are in training.

Before the first U.S. astronaut orbits the earth, he will

have been intensively trained and conditioned, and the cap-
sule will have been exhaustively tested.

Testing and evaluation include capsule ballistic flights
over short distances, instrumented ballistic and orbital

flights, and animal passenger flights.

Preliminary analyses and experimental investigations are
in progress to acquire information needed to determine what

steps should follow Project Mercury in the manned space flight
program.

Capsule

The Mercury capsule, which will be launched by an Atlas
booster, will have a nickel-cobalt outer shell and a titanium

inner shell, separated by insulation against heat, cold, and

noise. The astronaut, clad in a pressure suit, will recline
on a contour couch that will permit him to withstand much of

the stress of launching and reentry accelerations. The cap-

sule will be fitted with communications and navigation devices,

equipment to provide oxygen and remove carbon dioxide, atti-
tude control jets, an ablation heat shield against severe re-

entry heating, three solid-fuel retrograde rockets to reduce

the speed of the capsule in orbit in order to initiate its

descent, and main and emergency parachutes for landing.

A ballistic or nonlifting reentry configuration was

chosen for the capsule, based upon existing and proven
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technology. At launch, the capsule will be topped by a pylon-

like arrangement containing an escape rocket system. If the
booster malfunctions at any time from pad to staging, an es-

cape rocket can be triggered to carry the capsule away from
the booster. Parachute release and capsule recovery will

then take place.

Inside the capsule there will be instruments to inform

the pilot of his equipment performance and capsule attitude.

Communications equipment will transmit this and other infor-

mation on the capsule and the astronaut to ground stations of

the Mercury tracking network.

Flight Plan

The Mercury capsule will be boosted into orbit by an At-

las launched from AMR in a direction slightly north of east.

During three earth circuits, the capsule will travel at a

speed of about 18,000 mph and at an altitude of about lO0

miles over Africa9 Australia, Mexico, and the United States.

Near the California coast, retro-rockets will be fired

either by the astronaut or by radio command from the ground,

slowing the capsule by 350 mph, so that in about one-quarter
of a circuit it will land in the Atlantic Ocean, near the

Bahama Islands.

After the capsule has been retarded by aerodynamic drag,

the parachute will open at lO,O00 feet to slow to a landing

speed of 30 feet per second. After impact in the water, the

parachute will be detached automatically and the capsule will

float. Military aircraft and ships concentrated in the land-

ing area will search for and recover the capsule and its as-
tronaut passenger. The capsule is expected to stay aloft

4 1/2 hours.

A worldwide system of tracking and control stations will
be in communication with the Mercury capsule almost contin-

uously.

Early Mercury Develo_ments$

NASA formally organized Project Mercury on October 5,
1958. A Space Task Group, reporting directly to the Office

of Space Flight Development, NASA Headquarters, Washington,

D.C., was organized to direct the project.$_

Early developments were reported in detail in the NASA's

First Semiannual Report to the Congress, pP. 8 through Ii.

•$ The group now reports to the Director, Goddard Space Flight

Center, Greenbelt, Md.



On October 27, 1958, a Special CoMmittee on Life Sci-

ences was established to determine qualifications and attri-

butes required of America's first man in space and to give

advice on other htLman aspects of Project Mercury. Using cri-

teria provided by the committee, NASA thoroughly screened

Navy, Air Force, and Marine test pilots who volunteered for

the project, and seven astronauts were selected on April 2,
1959.

In January 1959, McDonnell Aircraft Corp., St. Louis,

Mo., was selected from among 12 firms that had submitted bids

to design, develop, and build the Mercury capsule. Subse-

quently, NASA arranged to procure existing rocket vehicles or

boosters for test flights and eventual orbital flight.

Capsule and Subsystem Development

The Mercury capsule will be subjected to flight velo-

cities as great as 25,000 feet per second, to static pressures

from vacuum to normal atmospheric pressure at sea level, to tem-

peratures as high as 3000°F, and to an impact velocity of 30

feet per second. Development and fabrication of a capsule

and sub-system to withstand these stresses are nearing comple-
tion.

Wind Tunnel and Free-Fli_ht Tests -- Capsule and booster
aerodynamics were investigated in wind tunnels at Langley Re-

search Center, Hampton, Va.; Lewis Research Center, Cleve-

land, Ohio; Ames Research Center, Moffett Field, Calif.; Ar-

nold Engineering Development Center, Tullahoma, Tenn.; Army

Ballistic Missile Agency, Huntsville, Ala.; and the McDonnell
Aircraft Corp., St. Louis, Mo. The tests covered velocities

up to Mach 20. Further study involved a four-stage booster

launching at Wallops Island of a small model of the Mercury

capsule to an altitude of 105,O00 feet and a maximum speed of
Mach 9.5. Information from these tests was used to determine

final aerodynamic design of the capsule and its booster con-

trol systems.

Aircraft Drop Tests --Full-scale capsules were dropped
into the Salton Sea, Calif., from C-130 "Hercules" transport

aircraft to test parachutes, recovery systems, and sequencing

techniques, and to develop recovery procedures. Since drogue

parachute tests required higher airspeeds than are within

C-130 capabilities, they were made by using F-lO_ "Starfighter"
interceptor aircraft. These tests were held at Edwards Re-

search Center, Edwards, Calif. Rocket-launched tests, plac-

ing even greater requirements on the drogue parachute system,

were conducted at Eglin Air Force Base, Valparaiso, Fla.

Information from the aircraft drop tests resulted in de-

cisions to utilize a ring-sail main parachute and to discard

a proposed jettisonable beryllium heat sink. Developmental
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tests have been completed. Tests with production hardware

have begun. These are being conducted by the Air Force-Navy

Joint Parachute Facility, E1 Centro, Calif., following ini-
tial tests at Edwards Air Force Base.

Launch Pad Escape Test- While the booster is on the

pad, a Grand Central rocket is mounted on a pylon frame above

the capsule. At a signal from the pilot, the ground control

center, or a booster-abort sensing system, this rocket will
fire and hurl the capsule away from the booster, allowing the

reserve parachute to deploy if the main parachute fails. The

escape system was tested at Wallops Station where boilerplate

models of the capsule were fired to an altitude of approxi-

mately 2,000 feet. There will be further tests.

Flotation Tests -- If everything goes according to plan,

the capsule will land on water. Models were subjected to

flotation tests at Langley Research Center to assure that the

capsule will float upright, regardless of how it strikes the

water. Tests included the effects of wave action, pilot exit,

and parachute swinging. The capsule floats upright because
most of its weight is concentrated near the large end (heat

shield) and air bags are used to stabilize it in the water.

Impact Studies -- The main parachute will have slowed
the capsule's descent to 30 feet per second at the moment of

impact. The problem of impact (particularly if the capsule
strikes the ground instead of water) extends to structure,

instrumentation, and astronaut. External and internal cush-

ioning are being studied.

Little Joe Fli_ht Tests -- Little Joe is the name given
to a fin-stabilized, clustered, eight-rocket booster (four
solid-fuel Sergeant_ and four solid-fuel Recruit engines) de-

signed to test the Mercury capsule in ballistic flight. While
Little Joe can boost the capsule to only one-fifth of orbital

velocity, the system provides an economical means of testing

the escape system over a wide range of dynamic pressures; of

checking capsule stability, controls, and recovery systems;

and of studying the behavior of primates during weightless-

ness. On August 21, 1959, shortly before the first scheduled

launching at Wallops Station, a malfunction in the electrical

system prematurely fired the escape rocket mounted on the

capsule model. This occurred while the batteries were being

charged. Charging had not been sufficient to set off the

main parachute ejection mechanism; consequently, the main

parachute did not deploy. The capsule hit the ocean with

great force and sank. The booster remained on its launcher,

undamaged.

# .... Modified
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As this reporting period closed, a second Little Joe ve-

hicle was scheduled for launching._ _

Bi_ Joe Flight Test -- A launch termed Big Joe was con-
sidered one of the important tests of the Mercury development

program. On September 9, 1959, at 3:19 a.m. EDT, an Atlas
boosted a full-scale instrumented boilerplate model of the

Mercury capsule to near-orbital speed and to an altitude of

about I00 miles. The purpose was to test reentry capabili-

ties, chiefly performance of the heat shield, flight charac-
teristics of the capsule and its instruments, and capsule re-

covery. The capsule was picked up by a Navy destroyer in the
Atlantic Ocean north of Puerto Rico.

Results were gratifying. The capsule proved stable and

its instruments operated properly. The ablation heat shield

successfully survived the fierce heat of reentry, and cap-

sule temperatures and reentry decelerations were within levels
of human tolerance. The Mercury capsule also stood up well

to vibration and structural loads caused by the severe noise

levels and frequencies encountered during the test.

Instruments for the actual Mercury capsule will be de-

signed along lines similar to those carried by the boilerplate

capsule model launched in the Big Joe test.

The Big Joe capsule was built by the Lewis Research Cen-

ter, Cleveland, Ohio. Capsule instruments were provided by
Electrical Mechanical Research, Inc., St. Petersburg, Fla.;

General Electric Co., Schenectady, N. Y.; and Minneapolis-

Honeywell Regulator Co., Minneapolis, Minn. Radioplane

Division, Northrop Corp., Los Angeles, Calif., furnished the

landing system components. Lewis Research Center designed,

laboratory-tested, and installed the attitude control system

for Big Joe. This system oriented and stabilized the capsule

during flight.

Retrorockets -- Development of the cluster of three solid

retrorockets in the capsule is assigned to the Thiokol Chemi-

cal Corp., Elkton, Md.

Additional Test Facilities Planned -- Lewis Research

Center is adapting a facility for simulating high altitudes

to use as a low-pressure chamber to approximate conditions

approaching those in space. The facility will be employed
to evaluate capsule-booster separation techniques, and to

determine the effect of the escape rocket exhaust on the cap-

sule.

Little Joe was successfully fired October &.
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Capsule Production

The McDonnell Aircraft Corp., Mercury capsule contrac-

tor, modified the full-scale mock-up completed in March to

incorporate changes that were suggested by the astronauts,

and other modifications that resulted from developmental

tests. The contractor had completed the detailed design of

the capsule and its components and had started production by
the end of September.

Capsule Qualification Program

Certain developmental tests, such as the previously noted

launch-pad abort and the Little Joe and Big Joe missions, will
be repeated to qualify the McDonnell capsule for flight. In

addition, Redstone rockets will be used to check capsule sys-
tems at speeds up to 6,000 feet per second and to familiarize

the astronaut-pilot with all phases of the capsule. Atlas

boosters are also programmed to test capsule reentry at peak
simulated abort acceleration. A number of unmanned missions

will precede man's orbital flight. Chimpanzees will be sent

on some of the qualification flights so that the environmen-

tal system, and primate reflexes and other behavior patterns
can be checked under space-flight conditions.

Mercury Trackin_ and Communications Network

Western Electric Corp., Inc., New York, N.Y., was chosen
as the prime contractor to equip and manage construction of
a worldwide network of ground stations to track and monitor

flights of the manned satellite. The company is also in
charge of training personnel to operate the network. Associ-

ated contractors are the Bell Telephone Laboratories, Whip-

pany, N.J.; International Business Machines Corp., New York,

N.Y.; Bendix Aviation Corp., Towson, Md.; and Burns and Roe,
Inc., Hempstead, Long Island, N.Y. The Department of Defense

has been assigned responsibility for the recovery operations.

Responsibility for establishing the Mercury tracking network

and monitoring contracts has been assigned to the Langley Re-

search Center. (See Trackin_ and Data Systems.)

Astronaut Trainin_ and Familiarization Prosram

Seven Men Selected -- On April 9, names of the seven

test pilots, chosen as Project Mercury astronauts, were made
public:

Lt. Malcolm S. Carpenter, USN, Garden Grove, Calif.

Capt. Leroy G. Cooper, Jr., USAF, Carbondale, Colo.

Lt. Col. John H. Glenn, USMC, New Concord, Ohio

Capt. Virgil I. Grissom, USAF, Mitchell, Ind.

LCDR Walter M. Schirra, Jr., USN, Hackensack, N.J.

LCDR Alan B. Shepard, Jr., USN, East Derry, N.H.

Capt. Donald K. Slayton, USAF, Sparta, Wis.
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Launching of the "Big Joe" Mercury Test, September 9 ,  1959 
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Astronaut Ensineerin _ and Familiarization Activities --
On April 27, the astronauts reported for fullZtime duty with

the NASA Space Task Group at Langley Field, Va. Each is

specializing in and contributing to a different aspect of the

Mercury project x communications and navigation, control sys-

tem, cockpit layout, life-support system, tracking and re-

covery, Redstone booster, or Atlas booster. Each man is re-

sponsible for determining, within his particular area, whether

the Mercury system is suitable for manned operation.

In addition to their specialty assignments, the pilots

as a group attend lectures on rocket propulsion, space mech-

anics, gyroscope theory, stable platforms, space navigation,

communications, meteorology, astronomy, and physics of the

upper atmosphere. They also receive status briefings from

the NASA Mercury Project engineers and visit the various con-

tractor and service facilities. Individually, the pilots

visit the sub-contractors within their own specialty areas.

During these visits, they are briefed on the Mercury systems

and on advanced programs that are under study and development.

Flight Simulators and Training Facilities -- It is es-
sential to provide the astronauts experience with every con-

ceivable characteristic of space flight that can be simulated

in the air or on the ground. Dynamic and static simulators
developed for this training are:

i. Langley Analog Computer. This computer, in conjunc-
tion with a fixed-base simulator, gives practice in control-

ling the vehicle with the manual control system during simu-

lated orbit, retrofire, and reentry. An instrument panel for

pilot training contains the actual capsule flight instruments

which are driven by an analog computer.

2. Langley MB-3 Flight Simulator. Similar to the ana-
log computer, the MB-3 simulator also includes an instruc-
tor's console.

3. Procedures Trainers. The procedures trainer of the

Langley Space Task Group is a mock-up of the interior of the

actual capsule and, in conjunction with the MB-3 simulator,
familiarizes the pilot with operating procedures in normal

and emergency missions. A second procedural trainer will be

used at Cape Canaveral to provide additional training in

range-network and launching procedures.

4. ACEL Environmental System Trainer. A complete life-
support system will be placed in the decompression chamber

at the Navy Air Crew Equipment Laboratory, Philadelphia, Pa.
The trainer will serve the dual purpose of qualifying the

environmental control system and familiarizing the pilots

with the system's characteristics.
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5. Human Centrifuge Facilities. Centrifuge facilities

at the Air Force Wright Air Development Center, Dayton, Ohio,

and at the Naval Air Development Center, Johnsville, Pa.,

provide familiarization with high acceleration and also give

the pilot practice in controlling capsule attitude during

simulated orbital flight and reentry.

6. Air-Bearin6 Attitude Simulator. A pivoting support
couch mounted on a single low-friction bearing will be used

to familiarize the pilots with the orbital dynamics of the

capsule under influence of the reaction-control jets. This

simulator is limited to 45 ° rotation in pitch and roll.

7. Gimballed Attitude Simulator. This simulator, lo-
cated in the Altitude Wind Tunnel at the Lewis Research Cen-

ter, possesses complete angular freedom in pitch, yaw, and

roll, and will give the pilots practice in controlling a cap-

sule under conditions of severe angular rotation.

8. Capsule E6ress Trainer. A special egress capsule will
be used to train the astronauts to get out of the capsule
under varied ocean conditions.

9. Zero-g Flights. Flights in specially-equipped C-131

and F-IOOF aircraft provide the experience of weightlessness

for periods of from 15 seconds to one minute. The astronauts

experienced zero gravity for 15 seconds during a C-131 flight.

lO. Zero-_ Water Tank. A water tank mounted on bearings
determines pilot disorientation under partially simulated

zero-g conditions.

Pressure Suit Selected

A modified U.S. Navy Mark IV pressure suit has been sel-

ected as the closest approach to the type of life-support

garment which the astronauts will wear in orbital and Red-

stone-boosted suborbital flights. The suit is made by the

B. F. Goodrich Co., Akron, Ohio. Factors in the decision

were comfort, mobility, compactness, reliability, resistance

to temperature, pressure, impermeability, ease of donning and

removing, and noise reduction. The suit will serve as a back-

up safety feature; it will automatically inflate should the

capsule pressure system fail. A coating of silver spray will
act as an additional heat buffer and radiation shield.

THE X-15 RESEARCH AIRPLANE

Objectives

The X-15 research airplane is a "near-space" vehicle

that will fly to altitudes of 250,000 feet or more, an early
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step in the transition from flight within the atmosphere to
flight in space. The X-15 does not take off from the ground
under its own power, but is drop-launched from a B-52 mother
ship.

Principal objectives of the X-15 program are to: l) de-
termine intensity of aerodynamic heating and its effect on
the structure; 2) obtain stability and control data in the
very thin air of the upper atmosphere; and 3) observe the ef-
fects of weightlessness on the pilot.

Responsibilities

The X-15 is a joint Air Force-Navy-NASA project, with
the two services providing contract funds and with NASA fur-

nishing technical direction and having responsibility for the

research flight test program.

Development

The initial proposal for the airplane was made by NASA

in May 195_; it was accepted by the services two months later.

In December 1954, North American Aviation Inc., Los Angeles,

Calif., was awarded a contract to build three experimental

aircraft. In October 1958, the first X-15 was completed on

schedule and delivered for ground testing to Edwards Air

Force Base, Calif.

Test Fli_hts

The X-15 completed its first glide flight on June 8,

1959, and its first powered flight on September 17, 1959.

During both flights, the X-15 showed generally satisfactory

launching, aerodynamic control, and landing characteristics.

Launchings from the B-52 were made at a speed of Mach

0.8 at an altitude of about 38,000 feet. In the powered

flight, a maximum speed of Mach 2 and an altitude of 50,000
feet were reached. Power was from two (interim) XLR-11 rock-

et engines that produce a total of approximately 13,OO0

pounds of thrust.

A series of captive flights preceded the X-15 free

flights. The captive flights demonstrated that the X-15 -

B-52 combination was aerodynamically compatible and that the

X-15 subsystems operated well.

Pilot landing techniques for the X-15 were perfected by

ground simulation. These techniques were verified by the

generally satisfactory approaches and landings performed by
the X-15.
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The demonstration flights of the X-15 by the contractor

will follow detailed flight-test demonstrations agreed upon by

the Air Force, NASA, and North American Aviation. After the

completion of systems and structural integrity demonstration

by the contractor, the X-15 will be turned over to NASA for

flights by NASA, Air Force, and Navy pilots.

Operational Fl%_ht and Space Research Pro6rams

The first operational X-15 flights will investigate

weightlessness, low dynamic pressure, exit-entry dynamics,
and the maximum speed potential. Other flights will be made

to study flying qualities, critical stability and control

areas, aerodynamic and reaction-control qualities, and approach

and landing characteristics.

Future X-15 research will investigate effects of the

space environment on the pilot such as weightlessness, whole-

body radiation, etc. Much of the effort will be directed

toward obtaining data on heating at hypersonic speeds that

may subject the X-15 structure to temperatures as high as
1200OF.
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SPACE SCIENCES RESEARCH

CHAPTER 6

RECENT RESULTS

The discovery of greatest significance in the space sci-

ences area during this report period was that the Great Radi-

ation Region is much more complex in structure and behavior

than had been supposed. A new region of high-energy protons
was discovered and sufficient additional measurements were

obtained to show that the entire region varies considerably

in intensity of radiation and geographical distribution over

relatively short periods of time. The new proton layer was

detected by Explorer VI; it is some 310 miles thick and ex-

tends about 20 degrees on either side of the geomagnetic

equator, centered at an altitude of about 1,250 miles. Further

measurements will be required to determine the details of this

proton layer.

Explorer VI reported that energies in the entire radia-

tion region were from lO to 20,000 times less intense than

those detected by previous satellites and probes. Among

phenomena discovered were pockets of radiation that faded in

and out, probably as a result of solar disturbances. It now

appears that the Great Radiation Region may be a very exten-

sive area of energetic particles instead of the two rather
distinct bands indicated by earlier experiments. The outer

part of the region appears to be made up of electrons that

stream from the sun and are trapped in the earth's magnetic
field.

Preliminary magnetometer data from Explorer VI and
Vanguard III give promise that it will be possible to map the

earth's external magnetic field extensively.

Micrometeoroid experiments aboard the satellites are

yielding a better understanding of the nature, energies, and
densities of these microscopic particles of cosmic dust.

Preliminary results of the August 17 Nike-Asp sounding

rocket experiment were that even though the atmosphere is

very tenuous at an altitude of 150 miles, wind velocity is

as high as 600 mph. Further experiments of this type are

planned to obtain more information about phenomena and struc-

ture of the upper atmosphere.
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RESEARCH PROGRAMS

Fields Under Investigation

Space sciences research may be divided into these prin-

cipal areas: l) Atmospheres, 2)Ionospheres, 3) Energetic

Particles, 4) Electric and Magnetic Fields, 5) Gravity Fields,

6) Astronomy, and 7) Lunar Science.

Atmospheres -- The composition of the earth's atmosphere
is being investigated intensively with sounding rockets and

satellites. Particular emphasis is on obtaining and under-

standing daily, geographical, and seasonal variations, and on

learning more about the relationship between surface meteor-

ology and the structure and behavior of the upper atmosphere.

Instrument design and construction, payload plans and

specifications, and developmental work are proceeding satis-

factorily for an atmospheric structure satellite that will

determine atmospheric composition and the daily, geographical,
and seasonal variations that occur in composition and behav-

ior. Improved sounding rocket instrumentation is being de-

veloped at the Goddard Space Flight Center, and the rocket

program for investigating the upper atmosphere is under way.

The program is under the management and technical direction
of the Goddard Space Flight Center; participants include the

University of Michigan and the Geophysics Corporation of
America.

Ionospheres -- The ionosphere is a region of electrically
charged (ionized) air beginning about 35 miles above the sur-

face of the earth. It includes several layers (D, E, FI, and

F 2) that vary in height and ionization with the season and
time of day. Ionization of the air molecules into ions and

electrons is caused by ultraviolet rays. Electrons exert

tremendous effect upon radio waves by reflecting some of them

over great distances, thus making long-range radio communica-

tions possible. The objective in this program is to stud_
the origin of these charged particles (electrons and ionsj

and how they vary with altitude, time of day, and latitude.

Mass spectrometers are used to determine the ions that are

present, and specialized instruments, such as Langmuir probes

(for determining electron content) and electric-field meters,

are used in rockets and satellites. Radio frequency propa-

gation experiments are also used, such as the very low radio

frequency propagation experiment in Explorer VI.

Research studies, instrument development, and payload

design and assembly for three satellites intended for iono-

spheric measurements are under way at the Goddard Space Flight

Center, the Army Ballistic Missile Agency, the Defence Tele-

communications Establishment in Canada, the Central Radio

Propagation Laboratory of the National Bureau of Standards at

- 48 -



Boulder, Colo., the Geophysics Corporation of America, Stan-
ford University, the University of Illinois, the University
of Auckland, and Pennsylvania State University. The satel-
lites, in order of launching, will be: i) Ionospheric Pro-
perties, 2) Ionosphere Beacon, and 3) Ionosphere Topside
Sounder. The sounding rocket program in ionospheric studies
is under way at the Goddard Space Flight Center; successful
experiments have already extended our knowledge of electron
densities in the ionosphere and served for valuable tests and
calibrations of instruments to be used in the satellites.

Ener6etic Particles -- Energetic particles are electric-
ally charged particles, mostly electrons and protons, that
are moving at very high velocities and thus possess great
amounts of energy. Included are the particles forming the
Great Radiation Region surrounding the earth, cosmic rays,
and the particles involved in the auroras of the Northern
and Southern Hemispheres. The program in this area is de-
signed to determine the nature, energy, and distribution in
space of these particles, and the nature of their interactions
with the magnetic field and the atmosphere of the earth.

The immediate program includes two satellites for de-
tailed investigations of the nature and intensities of the
particles in the Radiation Region and of the changes which
occur at different times and geographical positions. Instru-
mentation work, payload planning and assembly, and engineer-
ing are proceeding on schedule for these satellites at the
Goddard Space Flight Center, the Army Ballistic Missile
Agency, Space Technology Laboratories, Inc., the University
of Chicago, State University of Iowa, the University of
Minnesota, the University of New Mexico, New York University,
and the University of North Carolina.

The sounding rocket program for investigations of ener-

getic particles is being developed along several lines at the

Goddard Space Flight Center, including investigations of aur-

oral particles and cosmic rays and nuclear emulsion recovery
experiments. (Energetic particles leave a record of their

passage in a photographic film that can be interpreted in

terms of their nature, number, and energy. In this type of

investigation, film must be recovered after the rocket

flight

Electric and Ma6netic Fields -- The magnetic field of
the earth is of great importance to navigation and to studies

of the ionosphere and of energetic particles phenomena. The

strength and the direction of the earth's field undergo a

variety of changes from gradual ones over periods of several

years to abrupt changes and disturbances lasting for hours or

days. Solar phenomena appear to be responsible for most, if

not all, of the abrupt changes. The reasons for the slow,

gradual changes are not well understood. The program in this
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area includes satellite and soundin_ rocket investigations with

instruments designed to measure the strength and the variations

of the earth's magnetic field, and to study the causes and

phenomena of the sudden magnetic disturbances. Special types

of magnetometers, such as the proton-precessional and the

alkali-vapor instruments, have already been developed for rock-
et and satellite use.

Development and construction of magnetometers for inclu-

sion in satellites, space and lunar probes, and sounding

rocket experiments are proceeding at the Goddard Space Flight

Center and the University of New Hampshire. An intensive

program of sounding rocket measurements with magnetometers
will result in numerous launches in 1960. A Thor-Delta vehi-

cle is scheduled as a lunar probe to carry a magnetometer to

measure the earth's magnetic field to the moon and to deter-

mine the lunar field more accurately than the measurements

the Russians reported.

Gravity Fields -- In this program, study plans have been
completed and a satellite has been scheduled for launching
into an 800-1,0OO mile orbit to obtain precise geodetic data

over a long period of time. The satellite will contain a

flashing light of very high intensity so that very precise

optical tracking may be employed.

Preliminary design studies of the flashing-light system

have been completed by Edgerton, Germeshausen and Grier, Inc.

The Goddard Space Flight Center has made a preliminary design

analysis of the entire geodetic satellite system and has pre-

pared definitive engineering specifications for the complete

structure and all functional components. It is expected that

construction of the satellite will be started shortly under
Goddard direction.

Astronomy -- Six scientific projects were established in
Observational Astronomy and Solar Physics Programs: Gamma Ray
Astronomy; Relativity Investigations; Orbiting Astronomical

Observatories; Radio Astronomy; Solar Probes; and Solar Ob-

servatory. Through 22 research and development contracts,

universities, industrial organizations, and government agen-
cies began the design and testing of experimental techniques

destined to help unlock many of the secrets of the universe,
and to answer such questions as: How are stars born? What

causes the gigantic storms observable on the sun? Is there

life on Venus or Mars? Do nearby stars have planets? Is
the universe growing old or standing still in time?

Construction progressed at the Massachusetts Institute

of Technology (MIT) and at ABMA, Huntsville, Ala., on a satel-

lite gamma-ray telescope to be flown in 1960 as part of a

Gamma Ray Astronomy Project. Appreciable engineering was

done by the Ball Brothers Research Corp., Boulder, Colo.,
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and at Goddard Space Flight Center on an Orbiting Solar Ob-
servatory, a 300-pound satellite designed to study the sun
in the ultraviolet and X-ray regions of the spectrum.

Payload construction has been nearly completed by Cooper
Development Corp., Aerojet-General Corp., and Keithley Instru-
ment Co. for a series of rockets to be launched from Wallops
Island early in 1960 in a Solar Rockets Project. Component
studies for 4OOO-pound orbiting astronomical observatories
were started by NASA in conjunction with the Applied Physics
Laboratory of Johns Hopkins University, the Smithsonian As-
trophysical Observatory, the University of Michigan, the
University of Wisconsin, Princeton University, and the Uni-
versity of Arizona. Preliminary engineering specifications
for the necessary stabilized platform system were prepared
by NASA's Ames Research Center.

These observatories are being designed to be adaptable

to provide information on subjects as diverse as solar-

terrestrial relationships, and the structure and composition of

planetary atmospheres and surfaces, and thus to contribute to

knowledge of the origin and evolution of stars, galaxies, and
the universe.

Under a Relativity Investigations Project, the National

Bureau of Standards, MIT, and Hughes Aircraft Co. proceeded
with the development of an accurate atomic clock to be flown

in a satellite as a test of Einstein's relativity theory. A

clock on the ground will be compared with a similar clock in

the satellite. According to theory, the clock in the satel-
lite should run faster.

The Canadian Defence Telecommunications Board in Ottawa

and the University of Michigan started design and construction

on rocket and satellite experiments for measuring solar,

planetary, and cosmic radio noise as part of an orbiting radio
astronomy project.

Lunar Science -- The NASA program of lunar explorations

includes a variety of missions such as probes and satellites,

instrumented soft landings, instrumented circumnavigations

with return to earth, and, eventually, manned versions of

both these missions. The booster vehicles used will, as they

become progressively larger, be capable of handling greater

payloads. The series includes Atlas-Able, Thor-Delta, Atlas,

Centaur, Saturn, and eventually an even larger vehicle.

The scientific objectives of the lunar missions, simply

stated, are to determine in as much detail as possible, the

environment surrounding the moon and the structure and com-

position of the lunar surface and subsurface. Such informa-

tion will not only have great scientific value but will also

be absolutely essential in developing the technology that

some day will enable man to set foot on the moon.
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During this report period, contracts leading to advanced
lunar science experimentation were let to a number of univer-
sities government and industrial institutions (see Appendices
L and M). Instrumentation for vehicles scheduled in a second,

generation lunar flights project is being developed by the

California Institute of Technology, Columbia University, La
Coste and Romberg, the University of Chicago, Geotechnics and

Resources, Inc., Massachusetts Institute of Technology and
Goddard Space Flight Center. Contract specifications drawn

up for developing payloads to be used in lunar soft-landing
missions consist of X-ray fluorescence spectrometers, a mech-

anical complex to obtain surface samples, temperature and

gravity measuring devices, advanced plasma-probe equipment,
and magnetometers, seismographs, and mass spectrometers.
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SATELLITE APPLICATIONS

CHAPTER 7

METEOROLOGICAL SATELLITE PROGRAM

Weather in all its varieties is produced by elements and

processes and their results, interacting in the earth's at-

mosphere -- including cloud cover, storminess, precipitation,
temperature variation, heat balance, wind direction, and water

vapor distribution. NASA has established a Meteorological
Satellite Program to determine the effectiveness of weather

satellites to observe and report to ground stations world-

wide weather patterns as they generate and develop. Evolv-
ing from this should be far-reaching improvements in weather
prediction.

Execution of the Meteorological Satellite Program is the

responsibility of Goddard Space Flight Center. Payload de-
velopment and fabrication is carried out by contractors. For

example, the TIROS (see below) payload is being built at

R.C.A. Astro-Electronics Products Division, Hightstown, N.J.,

with the U.S. Army Signal Research and Development Labora-

tory, Fort Monmouth, N.J., technically monitoring satellite
development.

Military participation and coordination are through the

Joint Meteorological Satellite Advisory Committee, having

representation from the three military services, ARPA, Weather
Bureau, and NASA.

Workable weather satellites will require development of:

l) stabilized satellites in polar orbits, with altitudes of

500 to 1,O00 miles, and "stationary" satellites for equatorial

orbits at altitudes of 22,300 miles; 2) on-board detection

equipment, including television, infrared detectors, radar,

and spectroscope; and 3) adequate data-storage, handling, and
communications equipment, and techniques.

The long-range objective is to develop operating princi-
ples for a system of instrumented orbiting satellites that

would be linked with a communications network so that global
meteorological data can be transmitted swiftly to the Nation-

al Meteorological Center of the Weather Bureau, Suitland, Md.

Earth satellites promise to be highly valuable to meteor-

ology in general and to weather forecasting in particular.

Although weather satellites will not solve all meteorological
problems, they should supply a tremendous amount of data which
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cannot be obtained by present means. Weather experts have

envisioned benefits that include early warnings of hurricanes

and other violent phenomena, to safeguard life and property;

safer, more dependable transportation; more assurance in crop

planning, control, and protection; and greater certainty in

industrial planning for weather-dependent products, outdoor

work, and heating and cooling loads. Eventually, perhaps, it
may be possible to achieve some degree of weather modification

and control. By no means the least dividend would be inter-

national goodwill returned to the U.S. for providing current
global meteorological data to other nations.

Meteorological satellite data could be processed to meet
special military requirements.

NASA is moving forward with a series of meteorological
satellite experiments. At this writing, two have been at

least partially successful (see Operational Missions). They
were:

Vanguard II, which included scanning photocells to

record cloud cover, and

Explorer Vl, which carried a TV-scanning device to

relay crude cloud-cover pictures.

A gross radiation-balance experiment was part of the

scientific payload of the "Heavy IGY" satellite_ aborted at
launch on July 16.

On April 13, 1959, the meteorological satellite, Project
TIROS, initiated by DOD, was transferred to NASA by agreement

between DOD and NASA. The first TIROS experiment will carry

two television cameras to take clearer, more comprehensive
pictures of cloud cover than could the photographic devices

in Vanguard II and Explorer VI. A later version of TIROS

(TIROS II) will include both scanning and non-scanning infra-

red radiation detectors to report detailed radiation infor-

mation and the gross radiation picture.

Further in the future, meteorological satellites will be

equipped with refined versions of existing sensors and with
experimental radar and spectroscopic devices.

As a parallel to this program, NASA is supporting sub-

stantial research to develop techniques for utilizing satel-

lite data. Data from rocket probes, aircraft reconnaissance,

and regular meteorological-observation sources are being used
to simulate types of information that satellites will gather

and report. The work is centered in the Meteorological Satel-
lite Section of the U. S. Weather Bureau.

Three months later, this satellite was launched successfully.
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GEODETIC SATELLITE PROGRAM

This NASA program will develop specialized geodetic satel-

lites, and conduct extensive ground observations and analyses

leading to use of these satellites as precise tools for mapping,

geodetic, and other geophysical investigations. After analysis

by NASA personnel and by Edgerton, Germeshausen & Grief, Inc.,

a preliminary design for a geodetic satellite has been pre-

pared.

A sphere 36 inches in diameter, weighing about 150 pounds,

the satellite will be equipped with: l) a flashing-light sys-

tem of high intensity, powered by solar cells and radiating
the equivalent of 32,000 lumen-seconds (a measure of the lumi-

nous energy emitted) as a point source in flashes of one milli-

second duration; 2) telemetry pulses synchronized with the

light flashes; 3) a stable oscillator for programming the light

flashes and transmitting clock pulses (all to an accuracy of
one millisecond); &) optical corner-cube reflectors for use

with ground-based searchlights; 5) radio-beacon transmitters

for tracking; and 6) a command receiver for triggering light

flashes of twice normal intensity when desired. Under con-

sideration is the addition of a ranging transponder for direct
distance measurements.

Engineering studies have been made of a number of tech-

nical problems, primarily in the flashing-light system and

associated power supply. They show that a satellite of this

type is feasible at the present stage of technology. The
flashing-light system should have an active lifetime of more

than a year; the corner-cube reflectors and the radio-beacon

transmitters should operate almost indefinitely. Thus, over

a long period of t_me, the satellite should be useful as a

precise optical reference point for geodetic and geophysical
studies.

By photographing the light flashes against the stellar

background, the satellite's position will be determined to

about 50-100 feet -- at an altitude of 1,O00 miles. Three

separate techniques may be used with a satellite of this

type to obtain geodetic data: l) observing the flashing light

simultaneously from a number of ground stations; 2) using the

satellite orbit as in interpolation device to connect non-

simultaneous observations from ground stations; 3) using

purely dynamical methods, based on analysis of the perturba-

tions (disturbances) of the orbit. By the same methods, the

size and shape of the earth may be measured more precisely,

and geophysical data -- now unobtainable -- can be gained
about orbital irregularities of satellites caused by influ-

ences exerted by the earth and by the sun, and by the planets

and other sources in space.
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COMMUNICATIONS SATELLITES

Project Echo

The purpose of Project Echo is to test the feasibility

of passive reflecting satellites as global teleradio-
transmission links.

NASA's Langley Research Center has designed and con-

structed several lO0-foot-diameter inflatable spheres of

aluminized Mylar plastic, to reflect electromagnetic waves
beamed from transmitters on the ground. Folded and enclosed

in a metal container, 26 1/2 inches in diameter, one of these

spheres will be launched by a Delta vehicle and placed in or-

bit at an altitude of about 1,O00 miles. On entering orbit,
the container will separate from the third stage and open,

and the sphere will inflate.

Plans call for communications to be established via the

satellite between the Jet Propulsion Laboratory's facility at

Goldstone, Calif., and the Bell Telephone Laboratories, Holm-

del, N.J. The Naval Research Laboratory will participate in
the experiment. The Project Echo satellite will afford

industrial and private scientific research organizations op-

portunities for communications and related experiments of
their own.

The satellite will also be used to investigate propaga-

tion phenomena such as polarization, Faraday rotation, and

signal fading. An understanding of such inconsistencies in

the transmission path will lead to better communications sys-
tems.

Goddard Space Flight Center is managing the program.

Preliminary to attempting to place one of the Mylar

spheres in orbit, tests of the ejection and inflation of the

spheres are to be conducted using short-range high-altitude
rockets launched from NASA's Wallops Station.
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SOUNDING ROCKET DEVELOPMENT

CHAPTER 8

WORK ON TWO PROTOTYPES UNDER WAY

NASA space science investigations require a family of

sounding rockets to carry scientific payloads of numerous

types to different altitudes. Prototype rockets of a pro-

jected series are "Arcon" and "Iris." Initially, they were
projects of the Naval Research Laboratory (NRL) and the Navy

Bureau of Ordnance. Transfer from the Navy to NASA was ar-

ranged in January 1959, after a transfer of personnel work-

ing on them. Now directed by NASA's Goddard Space Flight

Center, Arcon and Iris development is being carried out under

contract by the Atlantic Research Corporation, Springfield,
Va.

Arcon

Six inches in diameter and eight feet, six inches long,

the Arcon rocket weighs 220 pounds, and uses a fast, end-

burning solid propellant. A stabilizing fin section and a

&O-pound, instrumented payload are attached to form a vehicle

ll feet long, weighing 25& pounds. The Arcon vehicle was de-

signed to lift its payload to an altitude of 70 miles. NASA

development, consisting of improvements in chamber insulation

and propellant-charge design, was completed in September 1959.

After ground-firing tests, two successful Arcon launch-

ings were made in June. In a third test, the rocket blew up

in the launcher, apparently because the propellant was faulty.
In August, three more Arcon vehicles were flight-tested; two

of them malfunctioned, due to aerodynamic factors, as the
rockets neared burnout. Payloads failed to reach planned al-

titudes because drag forces proved greater than anticipated.

Further development will be needed to increase the rock-

et's power.

Iris

Substantially larger than Arcon, the Iris rocket is also

being developed by Atlantic Research Corp. Designed to pro-

pel a lO0-pound payload to an altitude of 185 miles, the rock-

et is approximately 13 feet long, one foot in diameter,

weighs 1,1_O pounds, and uses the same propellant as Arcon.

A stabilizing fin section and a lO0-pound payload are at-

tached, resulting in a 1,290-pound vehicle, 20 feet long.
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Launched from a tower, the rocket will be given extra

initial thrust by a small clustered booster. NASA develop-
ment includes the increase of engine reliability by improv-

ing the propellant charge and chamber insulation. Goddard

Space Flight Center participates in aerodynamic design, sup-
plies payloads, and will conduct flight tests at Wallops Is-

land.

Iris rocket firing tests revealed two basic problems.
The internal chamber insulation eroded excessively and nozzle

components did not withstand the hot exhaust for the required
50-second burning time. After a number of firing tests, the

difficulties were overcome; a complete flight engine will

begin ground tests in January 1960. First Iris flights are

scheduled for spring.



INTERNATIONAL COOPERATION

CHAPTER 9

TRACKING NETWORK NEGOTIATIONS_

In July NASA began discussions -- with the assistance of

the State Department -- toward acquiring sites for eight Proj-

ect Mercury tracking stations abroad. Preliminary site sur-

veys have been made.

SPACE RESEARCH ARRANGEMENTS

Discussions with the United Kingdom regarding coopera-

tive space research programs are in an advanced stage. It is

expected that the United Kingdom will provide several instru-

mented satellites for launching by U.S. vehicles. This coun-

try may furnish two or three vehicles for the cooperative

program which will probably extend over two to three years.
Selection of scientific experiments will be subject to Joint

agreement. No exchange of funds is involved.

Other negotiations with the Canadian Defence Research
Board have resulted in arrangements in a satellite project for

"top-side" sounding of the ionosphere. Thus far, ionosphere

sounding has been conducted from the ground; this would be
the first instance of sounding from above. Laboratories in

the participating countries will develop suitable instrumen-
tation for the experiment by joint agreement. Again, no

exchange of funds is planned.

In addition, NASA recently initiated several small grants

or contracts for tracking and data analysis services in the

United Kingdom, West Germany, and Japan.

Several grants were made to foreign scientists under a

NASA-sponsored, post-doctoral Resident Research Associates
Program administered by the National Academy of Sciences.

These are for basic space-connected research in the United

States and afford recipients opportunities to take part in

NASA's scientific programs.

In September, Dr. Hugh L. Dryden, the Deputy Administra-

tor of NASA, participated in discussions with various scien-
tists and officials of the European scientific community. The

purpose was to inform NASA of space-connected interests and

See also Tracking and Data Systems.

- 59 -



activities in those countries and to indicate NASA's willing-

ness to discuss possibilities of cooperative space research

programs.

After the United Nations Ad Hoc Committee on Peaceful

Uses of Outer Space had been organized, December 13, 1958, Dr.

Dryden was appointed a U. S. Alternate Representative on the
committee. He participated in the activities of its Techni-

cal Subcommittee during the period of this report.

The report of the Ad Hoc Committee recommended that "as
the first technical area in which immediate international ac-

tion is required, attention be called to the (committee's)

conclusions regarding allocation of radio frequencies for

space activities."

NASA helped formulate requirements upon which the U. S.

position on the allocation of radio frequencies for space
activities were based. These recommendations were presented

to the International Telecommunication Union, in Geneva.

In September, the Deputy Administrator represented NASA
as the U. S. delegate to the General Assembly (meeting in

Aachen, Germany) of NATO's Advanced Group for Aeronautical
Research and Development (AGARD). Several NASA scientists

presented papers before AGARD's Technical Panels.

Through the National Academy of Sciences, NASA has con-

tinued to endorse and support the activities of the Committee

on Space Research (COSPAR) of the International Council of

Scientific Unions. During the March 1959 meeting of COSPAR

at The Hague, the U. S. delegate was authorized to offer on

NASA's behalf the following program to:

i. Include mutually-agreed experimental payloads

designed by scientists of other countries in vehicles

launched the U.S.;

2. Launch one or more satellites, designed by

foreign scientists, with agreed payloads up to 300

pounds in an orbit of 200 to 2,000 miles altitude;

3. Invite the experimenters to work on their

projects in U.S. laboratories.

Several preliminary inquiries prompted by this offer and

by the discussions held abroad by the Deputy Administrator in

September have been forwarded to NASA and are under consider-
ation for further discussion.
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NASA is supporting preparations for the First Annual
Space Science Symposium, sponsored by COSPAR, scheduled to
be held in France in January 1960. Its purpose is to pre-
sent and discuss scientific results obtained by rockets,
satellites, and space probes during and after the Interna-
tional Geophysical Year.
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TRACKING AND DATA SYSTEMS

CHAPTER 10

RADAR l OPTICAL TRACKING l AND TELEMETRY

Tracking and data-analyzing stations on the earth's sur-

face are all-important in acquiring and reducing to usable

form the scientific information about space that satellites

and probes collect and transmit. These stations employ radar,

optical tracking, and telemetry.

Systems in Operation

The NASA tracking network includes installations through-

out the Free World. As of September 30, nine stations of the
Minitrack Network (established for the International Geophysi-

cal Year), 12 Baker-Nunn optical stations, and the Goldstone,

Calif., Deep Space Station were in active service. In force

also are arrangements for NASA to use, as projects require,
stations operated by other government agencies and private

organizations.

Expansion

Plans for augmented tracking and data facilities -- out-

lined in the NASA's First Semiannual Report to the Congress
have been developed in_H-_tail. Diplomatic nego%-_tions, site

surveys, and construction are in progress. The Minitrack and

Deep Space networks have been expanded, and a 16-station Mer-

cury network is being created.

Mercury Stations

Special Requirements of Manned Satellite -- Project Mer-
cury tracking and ground-instrumentation stations will pro-

vide complete radio tracking, communications (including voice),

and data acquisition during launching, flight, and recovery

of the Mercury capsule. (See Project Mercury.)

Mercury stations are being built to meet new problems of

tracking and communications. Emphasis is on pilot safety.

particularly during launching and recovery. Existing Mini-

track stations cannot accurately determine the orbit of a
satellite until it has completed several passes. Thus they

would not be adequate for the manned Mercury capsule, which will

return to earth after only three circuits.

- 63 -



Over-all Planning -- Sixteen Mercury stations will be

established between Latitudes 35 ° North and 35 ° South, in

the projected path of the manned capsule. Most of them will

be housed in temporary structures so that they may be shifted

for other NASA projects. For most ground communications,

existing military links and commercial facilities (leased)

will be utilized. The Space Task Group, Goddard Space Flight

Center, will direct all Mercury stations. Langley Research
Center is charged with establishing the stations and monitor-

ing contracts.

Range Contractors Chosen -- On July 13, NASA selected
the Defense Projects Division of the Western Electric Co.,

New York, N.Y., to equip and manage construction of the Mer-

cury network and to supervise personnel training. Four com-

panies, associated with Western Electric as major sub-
contractors, have these responsibilities: Bell Telephone

Laboratories, Whippany, N.J., system engineering, engineering

consultations, and command and control; International Business

Machines, New York, N.Y., computer programming, simulation,

and computers; Bendix Aviation Corp., Towson, Md., installa-

tion of radar, ground-to-air communications, telemetry and

site equipment; and Burns and Roe, Inc., Hempstead, L.I.,

N.Y., site preparation, site facilities, construction, and

logistic support. The prime contractor will also be respon-
sible for over-all logistics and ground communications.

$Site Surveys in Progress -- Mercury stations are pro-
posed for Cape Canaveral, Fla.; Bermuda; another island in

the Atlantic; Northwest, Southwest, and Southeast Africa;
three locations in the South Pacific; Kauai, Hawaii; Point

Arguello, Calif.; White Sands, N.M.; Corpus Christi, Tex.;

Eglin Air Force Base, Valparaiso, Fla.; a ship in the mid-

Atlantic Ocean; and a ship in the Indian Ocean.

At the end of this report period, preliminary site sur-

veys have been completed for almost all projected stations.

Agreements and Understandings -- Agreements on the use

of military sites and equipment within the United States are

being effected. Surplus radars from Department of Defense

sources are being modified for the Mercury network. Diplo-

matic agreements for foreign sites are being drafted.

Minitrack Network

Description and Capabilities -- Minitrack stations,
which use radio for tracking satellites and which receive,

record, and transmit telemetry data to a computing center in

Washington, D.C., are suitable for general-purpose radio ob-
servations of experimental and scientific unmanned earth

See also International Cooperation.
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satellites where several hours delay in orbital determination

is permissable.

Operating Stations --Nine stations operational as of
September 30 are at: Blossom Point, Maryland; Antigua, West

Indies Federation; San Diego, Calif.; Quito, Ecuador; Lima,

Peru; Antofagasta, Chile; Santiago, Chile; Woomera, Australia;

and Esselen Park, Union of South Africa._ These stations,

plus another in Havana, Cuba, were established for satellite

tracking during the IGY. The Havana station has been trans-

ferred to Fort Myer, Fla., and will be operational soon at

its new location. The Grand Turk Island station, also es-

tablished for IGY, has been eliminated.

Covera6e To Be Broadened -- To increase effectiveness
of the network by extending high-latitude coverage, four new

stations will be established. Two will be at Fairbanks,

Alaska, and East Grand Forks, Minn. Two others will be in

high-latitude locations abroad. Plans were made to move the
center, which receives, interprets, and publishes the sta-

tion data, to the Goddard Space Flight Center from the old

Vanguard Center in Washington, D.C. Construction has started

on the Fort Myer station and on three of the four high-latltude
stations.

Automatic Data Read-Out System -- A recently designed

automatic data read-out system will not only speed data col-

lection but will enable simultaneous tracking of more satel-

lites than is possible with present equipment.

New Trackin_ Frequency -- A new tracking frequency of
136-137 mc was assigned nationally to the tracking stations.

A NASA representative at the International Telecommunications
Union Conference is seeking approval for use of this and

other frequency bands internationally. The present 108-mc

tracking frequency was assigned for the IGY. Specification

for the frequency change-over, requiring new antenna and

other equipment, are largely completed. This equipment will
incorporate many improvements.

Twenty.four Hour Operation -- During the last six months,
tracking stations were operating 24 hours a day, with the

exception of a three-hour lapse at one station when a circuit
broke down.

Operation and support of stations outside of the United

States is largely by local personnel and organizations, with

NASA retaining responsibility for management and direction of

the system.
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Deep Space Stations

Locations -- An ideal deep space network would consist

of three stations near the equator, separated from one another

by 120 o of longitude. Such locations would provide complete

24-hour coverage of space vehicles which are at heights of

4,000 miles or more from the earth. The network planned by

the NASA will consist of stations located in Goldstone, Calif-
ornia; the South Pacific Ocean; and South Africa. These lo-

cations were chosen for reasons of economy and utility and
will give coverage closely approaching ideal station loca-

tions. When completed the network will be utilized for all

space probe vehicles and for some satellite programs. Its

85-foot tracking antennas will be capable of picking up faint
signals from distances of millions of miles.

Progress -- Goldstone is now being equipped with trans-

mitting as well as receiving antennas and equipment. Other
stations may receive transmitting equipment later. Construc-

tion of the receiving antenna for the South Pacific site has

been completed. In addition, the Department of Defense has
agreed to transfer to NASA an 85-foot "dish" antenna for in-

stallation at the South African site. Agreements relative to

the South African and South Pacific sites are being drafted.
A site-survey team has visited South Africa.

Baker-Nunn Optical Network

Direction and Operation -- The Baker-Nunn Optical Track-
ing Network is under the technical direction of the Smithson-

Jan Astrophysical Observatory, which is also responsible for

operation and data reduction. This work is being done under
a NASA grant. The network consists of non-mobile precision

cameras capable of photographing a very faint object (13th
magnitude) against a star background.

Capabilities and Locations -- The network makes it pos-
sible to define the orbits of satellites precisely, it may

also be used for determining initial trajectories of space

probes. The 12 sites of Baker-Nunn cameras are Hobe Sound,
Fla.; Curacao, Netherlands West Indies; Arequipa, Peru;
Villa Dolores, Argentina; Olifantsfontein, Union of South

Africa; Cadiz, Spain; Shiraz, Iran; Naini-Tal, India;

Woomera, Australia; Mitaka, Japan; Haleakala, Hawaii; and
White Sands, N.M.

Accomplishments -- Approximately 4,200 satellite trans-

it photographs had been taken by the network as of September,

30, 1959. The current output of the network is approximately
600 useful photographs per month.
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Expansion Not Contemplated -- No new Baker-Nunn optical
stations were contemplated as this report period closed.

Non-NASA Stations

Pending further expansion of tracking capabilities,

NASA utilizes the services of cooperating installations and

organizations to carry out tracking and data acquisition

work for specific projects. If special equipment is required,

NASA purchases the equipment for both its own and its con-

tractor stations. Included among the cooperating stations
are:

Jodrell Bank Radio Telescope, near Manchester, England

Millstone Hill radar, Westford, Mass. (MIT's Lincoln
Laboratory)

Kaena Point, Hawaii, radar (Air Force Ballistic Missiles
Division)

Deal, N. J., radar (Signal Corps, United States Army)

Singapore telemetry station (Department of Scientific

and Industrial Research, Radio Research Sub-station,
United Kingdom)

Nigeria telemetry station (University College at Ibadan,

United Kingdom}
Phototrack stations (located in the United States and

some foreign countries; administered by the Society
of Photographic Scientists)

Moonwatch stations (approximately 200 stations located

in countries throughout the Free World; administered

by the Smithsonian Astrophysical Observatory)

Tracking and Data Center

Goddard Will Be Space Flight Control Center -- Goddard
Space Flight Center, Greenbelt, Md., will be the control

center for all NASA space flights. Computing, data re-

duction, and communications facilities and equipment are

gradually being consolidated. Using space-environment

data telemetered from probes and satellites, Goddard will

be able to develop specifications for space vehicles that

will perform their missions more and more efficiently.

Goddard Role Begins -- Goddard is monitoring the Mini-

track networkS" and the center has been assigned responsibility

for the Mercury network. As the report period ended, Goddard

was preparing to assume programming, computing, and machine

operations connected with tracking systems, which for some
time have been performed by the International Business Mach-

ines Corp. under contract.
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SECTIONIII

ADVANCED AERONAUTICSAND SPACERESEARCH

Research and development described in

the following section are part of a continu-

ing effort. Because this is the first time

that many of these activities have been re-

ported since NASA was organized, background

and explanatory details of some of the more

technical aspects have been included.



PROPULSION AND POWER GENERATION

CHAPTER !!

SPACE PROPULSION

Tomorrow's space flight poses many problems that today's

research must solve. To the forefront of these is the prob-

lem of propulsion. Space propulsion systems for future use
that are under intensive NASA research include chemical,

nuclear, and electrical rockets. Chemical and nuclear rockets

can yield enormous thrusts, but both are limited in jet veloc-

ities. Electrical rockets yield very small thrusts but can

attain almost unlimited jet velocities.

High-thrust systems will always be needed for raising

payloads from the earth's surface to an earth orbit. On long-

distance missions from an earth orbit to other planets, only

low-thrust systems are required; these will have distinct

advantages because they can be made small, compact, and light

in weight, and can be provided with long-lived energy sources.

For such missions in space -- where gravity forces are

small -- NASA is developing electrical rocket propulsion sys-

tems capable of high jet velocities. These systems may depend

on nuclear electric power generation (see Nuclear Energy

Applications for Space) and could furnish low thrust over

long periods for: l) attitude orientation and stabilization;
2) position control or orbital correction of satellites; 3)

final-stage propulsion for high-altitude satellites, or for

lunar or interplanetary vehicles after they have been fired
beyond the earth's atmosphere; and _) vernier rockets to con-

trol the velocities and trajectories of lunar or interplane-

tary vehicles.

Electric-rocket research at Lewis Research Center,

Cleveland, Ohio, includes investigation of basic physical

processes, applying this fundamental knowledge to feasible

electric-propulsion engines, and testing prototype electric-

rocket engines. Three general types of electric rockets are

being investigated: l) the ion rocket, in which ionized pro-

pellant (an ion is an atom from which an electron has been

removed) is ejected rearward by electrostatic fields to pro-
duce thrust; 2) the plasma rocket, in which plasma propellant

(a mixture of ions and electrons) is ejected rearward by

electromagnetic fields to produce thrust; and 3) the electro-

thermal rocket (in which propellant gas is heated electrically

so that hot gases expanding rearward produce thrust).
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Ion Rockets

When an atom is electrically balanced, its net charge

is zero. If one of its electrons is removed, it is no

longer neutral but is positively charged. Ionization, the

process of removing an electron, may be produced in several

ways. One of NASA's research objectives is to find the most

efficient way. Several projects in this field have shown

substantial progress in the past six months at Lewis. An

experimental ion-rocket engine has been operated for a total

of 50 hours without component failure. So far, the engine

has not been operated at maximum design conditions, but valu-
able information has been derived from the tests.

Another ion rocket of different design is now under-

going test, and preliminary data show satisfactory operation.

Analysis indicates that a prototype ion rocket would be capa-
ble of lifting a communications satellite from a 300-mile

orbit to the 22,3OO-mile altitude required to keep the satel-

lite above a given point on the equator, a technique of great
importance for the so-called "stationary" communications
satellites.

Plasma Rockets and Electrothermal Rockets

Research is continuing at Lewis on a number of types

of plasma and electrothermal rockets. In general, the inves-

tigations are exploratory. Difficulties in measuring plasma
density, velocity, and other properties have hampered the

investigations, but progress is being made.

Development of Electrical Propulsion Systems

Current NASA plans call for exploring the potentialities

of: l) an ion-propulsion system in which the electric power
will be supplied by the SNAP-8 unit, which will be used for

experimental flight tests; 2) an arc-plasma jet propulsion
system for SNAP-8 which could be used to boost a satellite

payload from a low to a high-altitude orbit; and 3) a small

arc-plasma jet for use with a solar-electric power supply to
orient and stabilize the satellite and control its orbital

position. In coming months NASA will request proposals from

private industry for this applied research and for component

development. (For details of SNAP-8, see Nuclear Energy Ap-
plications for Space.)

Electric-Rocket Test Facilities

Experimental evaluation of ion and plasma rockets for
space propulsion requires vacuum tanks in which conditions

approaching those of space can be simulated. Cryopumping
(that is, pumping at extremely low temperatures) the propel-

lant is the most economical means of achieving the low

- 70 -



pressures needed. This technique condenses the propellant
on surfaces cooled with liquid nitrogen; the tank must be
large to provide adequate surfaces.

NASA has procured five electric-rocket tanks for
research at Lewis. The tanks are five feet in diameter,
approximately 17 feet long, and contain liquid-nitrogen-
cooled baffles for condensing the electric rocket propel-
lant. Two 32-inch oil diffusion pumps and associated mechan-
ical pumps are provided for initial evacuation of the tank
and for pumping out non-condensable gases that leak into the
tank.

LIQUID-PROPELLANT-ROCKET ENGINE PROGRAM

Requirements of future NASA vehicles using liquid-

chemical propulsion must be anticipated well in advance.

The NASA program in this area is directed toward achieving

highly reliable engines, but with types and sizes held to

the minimum that can meet requirements for vehicle perform-
ance.

The F-I 1.5-Million-Pound-Thrust SinKle-Chamber Rocket Engine

Since January 1959, the F-I single-chamber rocket engine,
capable of producing 1.5-million pounds of thrust, has been

under development at the Rocketdyne Division of North American

Aviation, Inc. The engine will be clustered to form boosters

for a vehicle capable of orbiting 150,OOO pounds around the
earth.

Facilities -- Because the engine is so large, provision

of suitable test facilities is a difficult problem. The

development program is based on utilizing the rocket engine

test stands at Edwards AFB, and one such stand is now being
modified.

Propellants are needed in great quantities for the test

program, and local facilities for manufacturing liquid oxygen

will soon be inadequate. A new oxygen-generating plant in

the vicinity of Edwards AFB is being planned by NASA, and

will be contracted through Goddard Space Flight Center.

Associated storage and distribution systems will be at the
test complex.

Until the stands at Edwards are completed, the Rocketdyne
test facility is being utilized. The Rocketdyne stand can

sustain test runs of only a few seconds at thrusts no greater

than one million pounds. During early development, this

limitation is not serious because most tests are on engine-

starting. However, difficulty in obtaining steel during the
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nationwide steel strike, along with other shortages, are
delaying construction of the new Edwards test facilities.

As a result, tests of the engine to full thrust and full devi-

ation have also been delayed. Meanwhile, engine problems

that can be studied with the facilities available are being
investigated.

Dev.elopment Progress -- During this report period,

attention was focused on designing, fabricating, and testing

the thrust chamber to achieve safe and reliable starts, and

as much thrust as the stand can take. Operating difficulties
with the thrust chamber at start-up were encountered when

pressure oscillations were generated in the burning gases --
a phenomenon common to most large rocket engines under devel-

opment, and a severe hazard to the equipment. After correc-

tive work, the engine operated well under the limiting con-
ditions of the test stand. However, more development is

required before combustion-driven pressure oscillations can

be brought under satisfactory control.

Other components of the 1.5-million-pound-thrust engine

are still in design and fabrication stages. Two engine-

system studies have been completed by Rocketdyne. One study
concerned a number of methods to control the thrust direction

of the engine. Swiveling the thrust chamber in a small arc

was recommended. The second study sought efficient means of

pressurizing the propellants in the storage tanks. An inert

gas pressurant, heated in a turbine exhaust heat exchanger,
was recommended.

CHEMICAL ROCKETS

Chief aims of NASA research on chemical, liquid-fueled
rockets are to: l) learn more about using high-energy pro-

pellants, such as hydrogen (with oxygen or fluorine as the
oxidant) in space vehicles; and 2) study basic factors that

affect component performance -- for example, combustion effi-

ciency, pump efficiency, and engine cooling.

Hydrogen-Fluorine Rocket Engine

Liquid fluorine and liquid hydrogen in combination give

promise of the highest performance of any known chemical pro-
pellant system. Because the bulk density of this combination

is greater than that of hydrogen and oxygen, it does not

require tanks as large as those for hydrogen-oxygen stages.
The use of fluorine is complicated by the hazards of fluorine

fires and by the high toxicity of fluorine and the products

from its burning. Still undefined characteristics of liquid

fluorine must be assessed to determine the feasibility of the

propellant combination in a vehicle stage.
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Accomplishments -- Operating characteristics of hydrogen

and fluorine in rocket chambers are being determined by Bell
Aircraft Co., Niagara Falls, N.Y., over a wide range of fuel

and oxidizer mixture ratios. The feasibility of cooling a
chamber regeneratively has been successfully demonstrated.

Performance was found to be better than that of hydrogen and
oxygen under similar conditions.

In September 1959, a fluorine seal-bearing and pump
system was successfully tested with liquid fluorine for

several prolonged cycles of operation. A hi-propellant

valve, utilizing fluorine and hydrogen, was also operated
successfully.

Separate thrust-chamber and turbopump tests demonstrated

that a pump-fed hydrogen-fluorine engine should be feasible
at the present stage of technology.

Combustion Research

Combustion chambers designed for the use of hydrogen with

oxygen, and hydrogen with fluorine, were tested at Lewis

Research Center under a number of conditions. High combustion
efficiency was achieved. Heat-transfer measurements indicated

that hydrogen is feasible for regenerative cooling. It was

demonstrated that as the chamber output (or total heat release)

was increased, unstable combustion also increased; this could

lead to dangerous oscillations. Investigations are continuing.

Combustion efficiency was measured under many pressures,

temperatures, and propellant injection velocities, and in
combustion chambers of different shapes. Combustion was

found to occur primarily between prop_SS_nts in a gaseous

rather than in a liquid state -- in other words, the
propellant-vaporization rate controls the rate of combustion.

Rocket Engine Exhaust Nozzles

Extensive experiments with hydrocarbon and oxygen pro-
pellant combinations at Lewis have shown how internal flow

and energy losses are affected by the shape, length, area

ratio, expansion ration, and other features of nozzle design.

The larger the exhaust-nozzle area, the greater the efficiency
at high altitudes.

Pump Cavitation Investigations

Work is going forward on pumps that will be capable of

operating efficiently and without damage in extensive vapor

formations. Under investigation are small, lightweight

units that can pump boiling fluid. Liquid-hydrogen pumps

have been operated under these conditions. Slight tank-

pressure surges were sufficient to start these pumps even at
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the boiling condition. Methods of starting pumps under such

conditions and at very nearly zero gravity are being investi-

gated. Pumps operated in water and in liquid nitrogen (which

behaves much like liquid oxygen) indicated similar results,

but regions of unstable operation with vapor pulses and
reversals of flow were observed.

High-Pressure Hydrogen Pump Investigations

Investigations at Lewis and at Plum Brook have demon-

strated that high-speed centrifugal pumps with newly designed

radial blading can meet high-pressure pumping requirements

for liquid hydrogen. The new blade design controls internal
flow much better than could earlier radial blades. Extremely

high system pressures may require multistage axial-flow

pumps. A pump of this type has performed well with water

and is now being tested with liquid hydrogen.

Turbodrive Investigations

High-energy rocket turbodrive systems are being investi-

gated at the Lewis cold-air facility and at Plum Brook's

cold-hydrogen facility. Work is also aimed at improving

procedures and controls used in designing these units.

Rocket-Engine Ignition

Two methods proved successful in igniting hydrogen-

oxygen rocket engines: l} electrical {spark plugs), and 2)

chemical (short flow bursts of spontaneously combustible

chemicals with the hydrogen and oxygen in the combustion

chamber). The chemical system started with great reliability.

Studies will be continued at altitude conditions, using

improved lightweight flow systems.

Flow Systems Components and Ground Handlin_

Research is in progress on individual components of

hydrogen-oxygen vehicle systems (lines, valves, controls,

regulators, and related equipment) and on the flow system.

Analytical and experimental research is also under way on

problems related to purging, loading, venting, and topping

liquid-hydrogen-and-oxygen propellant systems. One facility
for carrying out this research has been completed at Lewis

Research Center; a second is under construction; and initial

flow studies of a simulated liquid hydrogen-oxygen vehicle

have begun. Program aims are to obtain basic answers to flow-

systems problems and to assist the Centaur project.

Investigation of Liquid-Hydrogen-Oxygen Gas-Generator Systems

Experimental and theoretical studies are in progress on

problems of starting, operating, and controlling gas-generator

- 74 -



systems using liquid hydrogen-oxygen propellants. A gas-

generator system facility has been built and operated.

Several gas-generator systems have proved highly efficient
in initial performance tests.

Other studies are in progress on pressurizing hydrogen-

oxygen fuel tanks and on using plastic bags to keep the liquid

hydrogen from being contaminated and cooled by the pressurizing

ga se s.

Zero-Gravity Experiments -- Vehicles in space will be

weightless (or at zero gravity) for extended periods. Thus,
fuels will not flow from the tanks; they will slosh about

when attitude or direction is changed, and they will vaporize

when the sun heats the exposed tanks. Experiments in air-

planes that can attain zero gravity conditions for short

periods are aimed at studying the effects of this phenomenon

on attitude control, rocket motor restart, and fuel boil-off.

SOLID-PROPELLANT ROCKET PROGRAM

The Solid-Propellant Rocket Program of NASA is estab-

lishing the technical groundwork upon which to build the next

logical major advance in the technology of space engines. In

progress at various contractors facilities are feasiblity

studies aimed at exploiting the reliability, simplicity, and
economy of solid-propellant engines.

Heavy emphasis is placed on evolving advanced solid

rockets of superior performance for use as stages of space

vehicles. Also being sought are better methods to angle,

modulate, and terminate thrust. The use of solid propellant

engines as powerful first-stage boosters is also under study.

Advantages

Solid rockets have several inherent advantages: they
can be stored for extended periods, and they are simple to

operate because their components are uncomplicated. Since

firing procedures are simple, launching crews do not require
elaborate training. As a rule, solid rockets may be developed

in shorter times with less expense than comparable liquid

rockets. Other assets: solid rockets can be readily fabri-

cated in a wide range of sizes and they can be shipped with

propellant already loaded.

Solid rockets have two outstanding merits that can be

put to use in space-vehicle boosters. First, upper-stage

rockets, in which the propellant represents well over 90

percent of the total weight of the stage, can be built from

present materials. Second, thrust levels can be varied

easily, and it is feasible to develop thrusts of 1,OOO,O00
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pounds or more by scaling up the dimensions of current

designs which generate between I00,000 and 500,000 pounds
of thrust.

D isa dvant age s

However, at the present stage of development, the

utility of solid rockets is limited by cumbersome and inef-
ficient thrust-level control during burning. Thrust-

direction controls and thrust cut-off techniques also need

to be improved.

Goals

NASA solid-rocket projects are seeking to remedy these
and other limitations. Advanced space rocket propellants

will be investigated and developed as new ingredients and
materials become available from Department of Defense pro-

grams. Work in progress falls into five categories: I)

high-performance rocket motors; 2) steering and velocity

control techniques; 3) thrust modulation, termination, and

re-ignition; 4) materials and manufacturing techniques; and

5) high-impulse propellants.

High-Performance Rocket Motors

During the report period, three contracts were signed:

one to develop a prototype high-performance engine suitable

as an upper stage, and two for independent studies of the

potential usefulness of large, solid-propellant, first-stage

engines.

Upper Stage Rockets -- On July i, 1959, a contract was
awarded to Grand Central Rocket Co., Redlands, Calif., to

develop a prototype rocket motor that will contain a very

high proportion of propellant to inert parts weight. The

motor will weigh about 500 pounds and will utilize propel-
lants now available.

Large Boosters -- Under contract to NASA, the Aero-

nutronic Division of the Ford Motor Co., Glendale, Calif.,

and Lockheed Aircraft Corp., Sunnyvale, Calif., are inves-

tigating possible dimensions, thrust levels, and burning
times for large future rockets as well as the potentials of

very large clustered boosters.

Work so far indicates that solid rockets possess many

characteristics needed in very large boosters. The optimum
initial thrust to total vehicle weight ratio seems to be

about 3 to 1. Solid engines can easily operate at this

ratio; liquid engines are limited to lower ratios because

they require fuel-feeding machinery that is too large to

achieve higher ratios economically. The ratio for Atlas is
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less than 2 to i; that for Vanguard was only about 1.2 to l;

while that for the solid rocket Scout is 3.1 to 1.

For even the largest applications, a booster burning-

time of between 0.5 minute and 1.O minute is preferable to

the two or three minutes common for today's large liquid

boosters. The velocity loss caused by gravity is less

during a shorter burning time, which more than compensates

for the greater drag forces resulting from higher accelera-

tions. Solid rockets are more amenable to short burning

times than are liquid rockets, due again to the size of the

liquid-fuel pumping systems.

Steering and Velocity Control

Solid rockets can be made more efficient and less com-

plex if such guidance and control features as angle of

thrust, roll control, and velocity adjustment can be separated

from the rocket and incorporated in an auxiliary system.

Relatively small auxiliary rockets could be utilized to steer

vehicles, and, after the main stage burns out, they could be

used to adjust vehicle speed. Control rockets can exert suf-

ficient thrust in excess of control force requirements to

"carry" much of their own weight. NASA will let a contract

in early 1960 to develop a prototype steering and velocity

control system that can be applied later to a specific vehi-
cle stage.

Thrust Modulation, Termination, and Re-ignition

Thrust cutoff is a standard feature of many military

rockets, but restart and control of thrust level are largely

unexplored. NASA has received several proposals in this
field; one contract was awarded to study thrust modulation.

NASA's Jet Propulsion Laboratory is also investigating thrust
termination and restart.

Acoustica Associates, Inc., Plainview, N.Y., and Los

Angeles, Calif., has a NASA research contract to determine

if the thrust level of a solid rocket can be varied by

acoustical energy (sound waves). Awarded on July l, 1959,

the contract will run for about nine months. Experience

with combustion instability in solid rockets indicates that

the burning rate can be radically affected by energy waves
generated in the combustion chamber. If the investigation

is successful, a variable sonic energy generator -- a whistle

or siren of special design -- will be located in a rocket

chamber to control burning rates.

Program aims are to: i) show feasibility of sonic con-

trol; and 2) learn how much thrust-level variation is pos-

sible. First, small propellant strands will be burned in

strong soundwave fields to study gross effects; then, the
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degree of soundwave control possible in 20-pound rocket
motors will be studied.

Materials and Manufacturing Techniques

Several factors could limit the use of solid-propellant

rockets. For example, nozzle materials must resist temper-

atures of more than 6000°F. Also, if solid rockets are to

be utilized as multi-hundred-thousand-pound boosters, new

means of making and transporting them must be found.

In June 1959, NASA awarded a contract to the ARDE-

Portland Corporation, Newark, N.J., and Portland, Me., to

investigate properties of several unique materials that are

resistant to both elevated temperatures and gas erosion.

The materials are metallic carbides and new compositions

which can be fused to improve their basic properties. As

the report period closed, the materials were being fabricated

and the rocket for evaluating them was being designed. First
tests will be late in 1959. Other materials proposed to NASA

for nozzle fabrication may also be tested in the equipment

procured under this contract.

To simplify handling, logistics, and quality-control of

very large solid rockets, NASA is investigating the "building
block" system of fabricating the engine in segments that can

be assembled at the launching site. Each segment would be a

separate solid charge, weighing from iO,O00 to iO0,O00 pounds;

rockets of varying thrust could be assembled. Obviously this

method makes for simpler quality control and, thus, for

greater economy.

High-Impulse Solid Propellants

NASA research on high-impulse propellants is aimed at

developing superior fuels for jspace flight -- propellants
having ultra-high impulse and/or characteristics that permit

long-term storage in space -- and at determining engineering

problems involved in designing rockets to use these fuels.

Under NASA contract, Callery Chemical Co., Callery, Pa., is

studying the thermodynamics and kinetics of a radically dif-

ferent fuel system. Most details of the work are classified.

However, small-scale test rockets have been successfully

fired and the basic soundness of the thermochemistry and

thermodynamics of the system has been verified.

A major aspect of this work will be evaluation and

application of materials from the advanced propellant chem-

istry program of the Advanced Research Projects Agency of

Department of Defense. NASA will apply these materials to

space flight.
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6OO0-POUND THRUST STORABLE-PROPELLANT ROCKET ENGINE

NASA is developing a 6000-pound-thrust rocket that will

utilize hydrazine and nitrogen tetroxide propellants fed to

the engine under pressure. These propellants lessen the

problems of long storage in space because they remain in

the liquid state at space temperatures. Moreover, use of a

pressurized rather than a turbo-pump-fed system will reduce

the weight of the vehicle and simplify development in

general. It will be useful for vehicles whose missions

require extended periods of storage in space before renewal
of thrust.

The project was originally undertaken in 1958 for the

Army Ordnance Missile Command by the Jet Propulsion Labora-

tory, California Institute of Technology. Development of
the engine was transferred to NASA in November 1958.

Progress -- The feasibility of using hydrazine fuel (a
mono-propellant_) to cool the rocket nozzle has been success-

fully demonstrated in recent months. Several methods of

fabricating the nozzle and its coolant passa_ were explored
and two successful chambers were designed, order to

meet flight schedules, the chamber easiest to fabricate

was selected for early engine flights although it was

heavier than the ether type.

Extensive combustion chamber design work and testing

has been in progress to obtain high performance.

Facilities were constructed at JPL for ground-testing

the engine in a simulated space environment. The facility
consists of a test stand and a device attached to the dis-

charge of the rocket nozzle to diffuse the exhaust and simu-

late discharge pressures encountered at high altitudes.

Preliminary tests indicated that the rocket chamber had to

be put under higher pressure than normal in order to start

the system. Model tests provided information to improve this

difficult starting condition.

A static-test unit of the propulsion system, including

tanks, lines, valves and engine, was fabricated and shipped

in September to the JPL test group at Air Force Edwards Test
Station.

A rocket propellant, usually liquid, consisting of a single

substance containing both fuel and oxidant, either combined

or mixed together.
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SECOND-STAGE CENTAUR ENGINE

The 15,0OO-pound-thrust rocket engine being developed

as the second stage of the Centaur vehicle will utilize

hydrogen and oxygen fuels. The engine will also be used in

an upper stage in the Saturn vehicle. Formerly sponsored by

ARPA, Centaur was transferred to NASA on July i, 1959. The

Air Force Special Projects Office of the Ballistic Missile

Division is administering the contract with Pratt & Whitney

under NASA direction.

This will be the first U.S. engine to utilize a truly

high-energy fuel combination. Such propellants will greatly
increase payload capabilities of existing and planned booster

stages. For example, a hydrogen-oxygen stage would lift
double the payload possible with conventional propellants.

Even greater increases could be achieved by using more than

one hydrogen-oxygen stage.

By late September, a first version of the flight-weight

engine was nearly ready for testing at the contractor's

plant.

NUCLEAR ENERGY APPLICATIONS FOR SPACE

The two principal types of nuclear systems considered

suitable for propelling heavy payloads in space are: l) the

nuclear heat-transfer rocket and 2) the electrical-propulsion

system that will use a nuclear reactor to generate electricity

for power.

Nuclear Heat-Transfer Rockets

In a nuclear heat-transfer rocket system, hydrogen is

heated to elevated temperatures in a reactor and expelled as

rocket exhaust, producing about 700 to iO00 pounds of engine-
thrust per pound of hydrogen flowing per second. This high

specific impulse could send large payloads on extended mis-

sions, provided the engine is not too heavy.

This type of rocket will probably be applied earliest

as upper stages of chemical rocket launch vehicles. Current
aims are to accumulate information for developing a reactor

flight test system that would be launched by chemical rockets.

In this program_ NASA is working with the Atomic Energy
Commission (AEC).

Studies indicate that heat-transfer rockets evolved

from the reactors being developed by AEC's Los Alamos

Scientific Laboratory can be used to propel vehicles from
an earth orbit to the moon or to some of the nearer planets.

Such a nuclear rocket could also be used as the upper stage

of a chemical-booster system.
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In the joint Nuclear Rocket Development Program, NASA

is supporting AEC's Rover Reactor Test Program by developing

technology for non-nuclear components such as the pump, tur-

bine, gas generator, and rocket nozzle. NASA is also con-

ducting design studies of nuclear rocket engine and vehicle

systems. Los Alamos is conducting reactor feasibility inves-

tigations, and studying critical problems associated with

attaining stable operation of the reactor system at high

temperatures.

Lewis Research Center and Los Alamos are investigating

variousphases of more advanced concepts embodying features

such as lighter weight and higher temperatures. Basic research
in heat transfer and cryogenics is being accelerated. For

example, NASA scientists are studying the heat-transfer char-
acteristics of gas flowing through tubes -- operated at high

temperatures -- which simulate the flow passages in nuclear
reactors. For these experiments the tubes are heated by

electricity (instead of nuclear fission) to temperatures

higher than 5000OF.

HydroKenTurbopump Systems -- NASA is developing liquid
hydrogen feed turbopump systems for Project Rover, supplying

the hydrogen that is required in all testing, and developing

other non-nuclear components needed for the tests. Among

these components is an axial-flow, liquid-hydrogen pump being

developed under contract by the Rocketdyne Division of North

American Aviation, Inc. Because nuclear rockets will require

large hydrogen flows, this pump was designed to have greater

capacity than existing hydrogen pumps. In addition, NASA is

supporting the development of a turbine that will be used to

drive this pump. Lewis Research Center is also doing research

on such an 8-stage hydrogen pump drive turbine to supply

design data required by industry.

In addition, NASA is investigating methods of controlling

the flow systems of nuclear rockets. Starting characteristics

of three hydrogen-flow systems have been analyzed at Lewis.

One system is now being tested, under contract, by the AeroJet-

General Corp.

Effects of Radiation on Nuclear-Rocket Materials -- Many

of the components of a nuclear rocket will be at extremely

low temperatures because of contact with the liquid hydrogen.

Very little is now known about the ability of materials to
self-anneal the effects of nuclear radiation at these low

temperatures. For this work, contract negotiations are under

way with the Lockheed Aircraft Corporation, Georgia Division.
Lockheed will design, fabricate, and install test equipment
in the NASA Plum Brook Reactor Facility, Sandusky, Ohio.

Research and development is in progress on radiation

shielding, and on operation of jet nozzles and liquid-

hydrogen tanks under simulated space conditions.
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Nuclear Reactor Electric Generating Systems -- For

nuclear reactor electric-generating systems, NASA is develop-

ing both the equipment to convert reactor heat to electrical

power and the over-all operational electric generating sys-

tems. AEC is developing the reactor and working to assure

the nuclear safety of the system.

Two types of conversion equipment appear promising for

high-power systems: l) thermionic emitters, and 2) space

turbo-generators. Thermionic emitters are much like the

vacuum tubes in radio sets. Essentially, they consist of a

heated electron-emitting surface and a collector. The turbo-

generator is similar to the steam powerplant.s used in ordinary
substations. However, achieving light weight in space pay-

loads requires that the turbine be of a type that can use

vaporized metal as the working fluid and operate at extremely

high temperatures.

Thus space turbogenerators differ three ways from turbo-
generators used on the ground: l) the working fluid is a

boiled and condensed (liquid) metal -- mercury, rubidium,

potassium, or sodium, 2) operating temperatures are higher,

and 3) waste heat removed during condensation is radiated

into space so that the vapor leaving the turbine will be

condensed into a liquid and pumped into the boiler.

NASA's work in this area is aimed at developing: l)

the SNAP-8 system ("System for Nuclear Auxiliary Power")

in cooperation with the AEC; 2) the technology required for

reactor systems of light weights_ high power (several hundred
kilowatts}, and long life; and 3} eventually, reactor-
thermionic emitters.

Significant auxiliary power and propulsive missions can

be accomplished with a 30-kw power supply. Accordingly,

NASA submitted to the AEC a request to develop the SNAP-8

reactor, which will be the first in the SNAP series powerful

enough to generate electricity for propulsion, in addition

to serving as a source of electricity for payload instru-

mentation. NASA has requested proposals from private indus-
try for the conversion equipment and integration of this

equipment and the reactor into an operational system.

Looking beyond SNAP-8, researchers are developing design

data for lightweight, long-lived units capable of delivering
more than 100 kw.

Effects of Space Environment on Reactor Materials -- In

the extreme conditions of the space environment -- such as

hard vacuum, zero gravity, and very low temperatures --

materials may sometimes behave in unusual or unexpected ways.
There is much still to be learned about even the most common

materials; problems are even more severe with relatively new
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and untried materials such as those used in nuclear reactors.

How, for example, will molten and varpoized metal "coolants"

used to pipe heat from the nuclear reactor to the power gen-

erator -- at temperatures that may reach 2000OF. -- react
with other metals and materials of which the piping, tur-

bines, and pumps are made? And how will the zero gravity

and hard vacuum of space affect the pressure and flow of

these heat-exchanging metals, the pumps that circulate them,

and the electric power generators? Research is in progress
in these areas.

NASA contractors are also studying the materials that

may be used in space to dissipate the waste heat of the

system. In hard vacuum, many materials -- for example,

oxide coatings used to increase the radiation capability --

may vaporize.

Still another test that materials must be able to with-

stand in space is the impact of meteoroids which, though

small, may strike with terrific force. NASA is conducting

experiments aimed at determining the effect of meteoroid

damage on various radiator materials, to find out the thick-

nesses required. In this connection, the Goddard, Langley,
and Lewis centers are designing and instrumenting satellites

to record meteoroid penetrations of thin-walled shells of

large area. Because the radiator will be the heaviest com-

ponent of the space electric system, these data are essential

if lightweight systems are to become feasible.

In designing such systems, a critical problem is to

determine the extent to which molten, boiling, and condensing

metals corrode pipes, turbines, and pumps. Present knowledge

about liquid-metal corrosion, while generally good, is almost

nil at the extreme temperatures needed in operating high-

powered space systems. NASa. is therefore initiating a broad

program to determine the corrosion characteristics of mate-

rials at high temperatures, along with the liquified and

vaporized materials that will be used as coolants in space

electric systems. The Lewis Research Center, AEC's Oak Ridge

National Laboratory, and the Naval Research Laboratory are

among those involved in such research. Proposals have also
been invited from private industry for a large portion of
this work.

AUXILIARY POWER UNITS

It is obvious that any space vehicle must have aboard

some source of electricity to power transmitters, receivers,

research instruments, environmental control systems, and the

like. It is equally obvious that the more compact and light-

weight these power sources are, the better.
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At present, reliance is on electro chemical and solar

batteries, which are relatively bulky and make up a substan-
tial part of payload weight. The cost of vehicles and

launchings is very high per pound of payload. Today's vehi-

cles, such as Explorer VI, can carry power units that develop

only a few tens of watts of electricity. Use of batteries,
chemical energy, and fuel cells, appears limited to short

missi.ons, such as those of early manned satellites which will

require power for a few days, at most.

Thus, if best advantage is to be taken of the larger

payload weights that our advanced vehicles will provide,

lightweight power units must be developed to produce hundreds

of watts, or even several kilowatts. It is also imperative

that these power sources be capable of trouble-free operation

over extended periods -- on deep space missions, for example,

that may last a year or more. These long voyages into inter-

planetary space will depend upon use of solar or nuclear

energy sources. Solar energy appears practical for most

extended missions where the power required is a few kilowatts

or less. For the very large power needs -- 30 kw or more --

the nuclear reactor systems (see Nuclear Energy Applications

for Space) will almost certainly be used.

3-kw Solar Auxiliary Power Unit

During this report period, plans were made by NASA Head-

quarters to request proposals for the development of a 3-kw
solar auxiliary power unit {called Sunflower-I) for use in

satellites or space vehicles. Sunflower-I will weigh approx-
imately 1000 pounds. It will include a large solar collector,

at least 300 square feet in area, to collect solar radiation

for conversion into electric power by thermal or direct proces-
ses. The solar collector will be folded in the nose of the

space vehicle until it enters orbit, at which time the col-

lector will automatically unfold and be oriented and stabilized
to face the sun.

The power supply will contain an energy-storage system

so that power can be generated while the satellite is behind
the earth's dark side.

During the coming months, NASA will start developing the
Sunflower-I system.

Research on Solar Collector Systems

Research at Langley Research Center has been conducted

on using solar energy to provide electrical power for space

vehicles. System and component studies are continuing, with

particular emphasis on: l) the energy concentrator or mir-

ror; 2) the thermal energy storage unit; and 3) the stabiliza-
tion and orientation system of the collector.
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Experimental work with collectors is emphasizing umbrella-
like and inflatable parabolic mirrors of aluminum foil bonded

to thin, tough Mylar plastic. The collectors are designed
to furnish solar energy to the converters of low and moderate

temperature power systems (up to 1500°F.). Performance and

temperature potentialities of these lightweight mirrors are
under study.

For heat-energy storage -- required to keep a sun-
powered system operating when the vehicle enters the earth's

shadow -- molten lithium hydride has been studied. This

material holds much promise for use in moderate-temperature

systems for thermal energy storage. However, design studies

indicate problems, including low thermal conductivity, hydro-

gen containment in the lithium hydride, and large expansion

on melting which will require further investigation before
suitable systems can be devised.

Analysis of complete solar power systems indicates a

number of possible arrangements and layouts. A model of a

solar collector for a _-kw turboelectric system is illustrated.
It is shown folded and unfolded.
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CONTROL AND GUIDANCE OF SPACECRAFT

CHAPTER 12

ATTITUDE CONTROL AND STABILIZATION

Research studies of attitude control and stabilization

systems for spacecraft involve: l) spelling out system

requirements, 2) developing methods of determining and main-

taining attitude reference in space, and 3) devising tech-

niques of providing control forces. In addition, procedures
have to be developed to evaluate control system performance

and reliability in a simulated space environment.

System Requirements -- To match stabilization require-

ments with attitude control system capabilities, possible
methods must be compared with mission requirements for

accuracy, weight, power, simplicity, and reliability.

An initial study at Langley for a manned space station

indicated that the stabilization system should incorporate
the following features: l) attitude reference supplied by

a solar seeker, with gyro to maintain attitude during periods
of darkness in the shadow of the earth; 2) gas jets to get

the vehicle pointed in the right direction and to damp major

perturbations (disturbances) that may occur when, for example,

a space ferry vehicle arrives or departs; and 3) inertia
wheels to reduce the effect of minor disturbances

A study was also made of a general-purpose satellite

for simultaneous communication, meteorological, and astronom-

ical missions. A major portion of the vehicle, including a

large solar energy collector that unfolds in space like an

umbrella, would be oriented toward the sun by a primary sta-

bilization system. A secondary stabilization system would be

employed to orient observation or communication relay equip-
ment.

Orientation requirements of a passive communication

relay satellite would depend onthe shape of the reflector.

A study was initiated of such a satellite to be oriented

toward earth. Results indicate that use of a segment of a

large sphere for the reflector would offer the most satis-

factory compromise between a complete sphere (which has low

reflecting efficiency) and a flat plate reflector (which has

a highly directional radiation pattern and, therefore, must

be pointed with great precision).
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Attitude Reference-Sensors -- Sensing devices that can

provide attitude reference -- that is, determine the position
and direction of a vehicle in space -- by detecting radiation

from the earth, moon, and sun are being investigated. Two

different types of horizon scanners have been designed, both

of which are compact, lightweight, rugged, and require only

small amounts of power. One type is sensitive to light waves

and is limited to daytime use; it is intended primarily for

vertical probes. The other, for day or night use, employs
heat-sensitive detectors and a system of rotating mirrors:

it will operate at altitudes of some 3,000 miles from the
earth. This unit can be packaged within a 3xS-inch cylin-

drical container.

A solar sensor comprised of two pairs of silicon cells,

with each pair connected across both branches of the circuit,

has been designed and tested. The sensor was able to detect
radiation over a wide angle (±120 degrees) and showed high

sensitivity when properly aimed; accordingly, a means for

automatically adjusting the pointing action of the sensor has

been devised.

Attitude Control -- NASA's Jet Propulsion Laboratory is

developing equipment suitable for pointing one vehicle refer-

ence point toward the sun and simultaneously aiming a direc-
tional antenna toward the earth.

Preliminary studies of means for pointing an earth satel-

lite with respect to the fixed stars have been started at the
Ames Research Center. Data gathered from these studies will

be used to define requirements of a contract for an astro-
nomical satellite of extreme stability and long lifetime.

Control Forces -- A study is in progress on ways of

controlling a satellite in orbit. One promising approach

involves a principle roughly similar to that of a gyroscope.

By accelerating the rotor of an electric motor in one direc-

tion, an equal and opposite force is applied to the vehicle
on which the motor is mounted. Such devices, called inertia

wheels, can supply relatively large force and oppose disturb-
ances to the satellite, enabling it to stay on course.

Bench tests and analytical studies of several systems for

both orbiting and non-orbiting flight have been made.

In a detailed system and hardware study of reaction

jets that are turned on and off in short bursts to control

space-craft, a switching sequence was developed that resulted

in good control with a minimum expenditure of jet fuel.

Inertial Simulator -- One especially useful research

tool for developing and evaluating complete space vehicle

control systems is the zero-damping simulator (a number of
which are in use) -- which is a delicately balanced platform,
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supported on a spherical air bearing, free to rotate in any

direction. Because the platform floats on a film of air,
there is virtually no friction between the platform and its

mount. The platform can be adjusted to simulate character-

istics of the vehicle under study. Also, the complete guid-

ance and control system of the vehicle -- including its

reaction controls -- can be mounted on the platform, put

through simulated flight tests, and adjusted to achieve the

best possible performance.

A control system for one of the Project Mercury vehicles

for manned space flight was tested on such a test rig. Later,

the same control system was used during a successful test

flight of the Mercury capsule at Cape Canaveral.

Expansion of Entry Corridor Width

The entry path, or "corridor," by which a spacecraft may

enter the earth's atmosphere is very narrow. If entry is

made too low, the vehicle will strike the atmosphere at such
a steep angle that the impact will cause deceleration stress

too severe for a human occupant. If reentry is made at an

angle that is too flat, the vehicle may bypass the earth

because there will not be enough aerodynamic drag to bring
about deceleration.

For a manned spacecraft entering the atmosphere, guidance

must be extremely accurate to avoid excessive deceleration or

aerodynamic heating. An analytical method has been developed

to provide quantitative information about the entry corridor

above the earth's atmosphere through which spaceships must be

guided. The method has also been applied to determine the

corridor width, heating, and associated guidance accuracy
requirements for entering the atmosphere of other planets.

The results showed the entry corridor widths to be extremely

small -- only about 7 miles wide for ballistic (zero-lift)

entry and about 30 to _O miles if lift is used.

Studies have been directed toward widening the entry

corridors. Recent results have shown that by changing the

angle of attack of the vehicle, and thus varying the lift,

the corridor can be widened to more than lO0 miles for entry

at very high speeds. However, it is not certain how much of

this increased corridor width can be utilized, because the

amount of heat to which the vehicle is subjected is increased

when lift is used. Studies are continuing.

A study of the drag of the earth's atmosphere as a

braking force to allow the recapture of a returning space

vehicle was completed. This method of return, which would

eliminate the need of retrorockets for braking, would greatly

decrease the rocket power requirements of such a vehicle.

Very little corrective power is needed to guide the vehicle
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to the proper minimum altitude on its first pass through

the atmosphere.

In an investigation of a high-drag, low-lift vehicle

{known to keep heating down to acceptable levels, but not

very maneuverable), good control was obtained by using the
limited lift over a considerable distance -- between 1,O00

and 2,000 miles; by this means the vehicle could bo brought

down to within lO to 20 miles of a desired destination.

These results were obtained with either automatic or manual

control, and with either a ground-controlled approach or the

use of onboard guidance equipment.

Still another study of this problem considered a vehi-

cle having lifting capability and using a gliding, rather
than a ballistic, entry. It was found that by carefully

controlling the amount of lift applied, the allowable range

of entry conditions could be increased without raising aero-
dynamic heating beyond reasonable bounds. This study is

being extended to higher entry speeds.

Studies are being conducted to define desirable types

of trajectories based on power, guidance, and communication

requirements. A study of the major perturbations of lunar

trajectories was completed. Effects of eccentricity of the

moon's orbit, oblateness of the earth, and solar attraction
were considered. It was found that not compensating for the
earth's oblateness could cause an error of one moon radius

(about 1,O00 miles) in the vicinity of the moon; the other
effects resulted in errors of only a few hundred miles.

Two studies of interplanetary trajectories were started:

l) A small digital computer was employed to study the power

requirements to keep a vehicle on course during the middle

portion of a Mars-probe mission, considering the effects of

the two nearest planets. 2) A complete digital program was

set up to investigate flight anywhere in the solar system,

taking account of all the important perturbing effects. A

specific objective of this program is to study midcourse

guidance systems. Several such systems are being considered,

and one is now being set up on a digital computer.

Feedback Control Systems Research -- Research to design

automatic control systems giving the desired vehicle response
and stability is in progress. This is primarily analytical

work, using mathematical models of aircraft, missiles, and

space vehicles.

Areas in which significant progress has been made in

the last six months are: l) physical size of the power

actuator (control surface servo for aircraft; jets, inertia

wheels, rocketsj etc., for spacecraft) and its effect on con-

troller design; 2) effects of extreme variations in aero-

dynamic pressures, speed, and altitude throughout a given
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flight. (Flight tests to confirm results are under way);

3) errors on a radar seeker resulting from deflections of

the radar signal as it passes through the radome (special

nose enclosure) on a guided missile. These errors, hereto-

fore, have caused large target-miss distances, particularly

at high altitudes. A technique has been developed which,

when incorporated into the vehicle guidance system, sub-
stantially reduces the miss distance.

Flight Simulation Techniques -- Control, guidance, and

navigation of flight vehicles have been studied at Ames
Research Center both with a human pilot and with automatic

controls. Flight simulation techniques were used to study
l) dynamic problems of piloted airplanes; 2) pilot's ability

to control airplanes and reentry vehicles under varying

flight conditions; 3) guidance of missiles and manned auto-

matic interceptors; and 4) methods for analyzing the stabil-

ity of orbiting vehicles.

In recent studies at Ames of various airplane piloting

tasks, actual flight results were compared with results

obtained with fixed and moving flight simulators. Motion

stimuli, to make pilot operation more realistic, were found
to be desirable or mandatory in systems with abrupt response

to control inputs and in studies of instrument presentations

in maneuvering flight. In studies of more "conventional"

behavior, however, the fixed simulator with adequate instru-

ment presentation still appears to be a useful device for

training pilots and evaluating systems.

Tests made on the simulator with the human pilot repre-

sented by a linear mathematical model showed that in tracking

tasks, performance similar to that of a human pilot could be

attained by the model, implying that the linear model is a

fairly good approximation of a human pilot. Results of the

study showed that the pilot-model was the same for cases where

the "best" control-system dynamics were provided in associa-

tion with poor airplane dynamics, and for cases where good

airplane dynamics were provided.

Another investigation was made in flight to determine

pilot reactions and ability to control unstable airplanes;

even slight instabilities were unacceptable when the pilot

was distracted by duties other than simply flying the air-

plane.

Rocket Engine Thrust Control, Stability, and Throttling --
In general, when the thrust of a rocket englne is reduced (as

may be required, for example, in landing a manned vehicle on
the moon) violent oscillations occur in f_el feed and com-

bustion. The problem of reducing these oscillations has been

attacked at the Lewis Research Center in two ways: by directly

testing engines with controls derived from theory, and by
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studying the contribution of each component of the rocket

engine to instability. Specifically, fast-acting regulators
were used to control a 5,0OO-pound-thrust hydrogen-fluorine

engine over a range from full thrust to one-tenth thrust, and
to start and stop the engine reliably without harming it.

This work is now being extended to hydrogen-oxygen engines.

The more basic approach-- studying the contributions

of all components -- should make the work applicable to many
varieties of rocket motors. Studies of the dynamic contri-

butions of combustion in a hydrogen-oxygen and an ammonia-

oxygen engine have been made or are in progress, and a theory

for the combustion dynamics has been evolved. Studies have

also been made of the pipes from tanks to the thrust chamber;
results have been used to verify a general theory useful in

engine design. The pumps that force the propellant fluids
into the rocket thrust chamber are now under study. Fast-

acting flow-control valves that tend to suppress unstable
oscillation have been developed from theory and tested; they

show low pressure loss, accurate regulation, and fast enough

action to suppress some, but not all, types of unstable engine
oscillation. Work on faster valves is continuing.

Thrust Direction Control and Vehicle Dynamics -- A space

vehicle can be guided properly only if the thrust direction
of its rockets can be controlled. This can be accomplished

by swiveling the main rocket motors. However, the structure
of some of the larger vehicles has proven so flexible that

the swivel-action control motors bend the entire vehicles,

causing it to whip, thereby limiting the thrust direction
control and threatening the structure. This problem becomes

more difficult with increased vehicle size and length.

Two vehicle dynamics test stands for studying thrust

direction control on large flexible booster vehicles are

now being completed at Lewis.

Course Correction Control -- As a vehicle proceeds

through space, its navigational system gradually reveals
errors in the flight path that could not be detected early

in the flight. The control must then issue commands to the

propulsion system to correct the flight path with a minimum

consumption of propellant. Studies have been made at Lewis,
which will permit design of an automatic mechanism to make

these needed corrections. The amount of propellant that
must be stored on board for course correction was worked

out during the same study. This work is being extended to

other types of navigational systems.

Zero-Control in Fluid Systems and Fluid-Containin_
Vehicles -- Vehicles in space will be weightless, or at

"zero gravity," for long periods of time. Consequently, fuels
will not flow from tanks, fluids will slosh about when the
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attitude or direction of the course is changed, and the
accumulation of solar heat from exposed tanks will be
affected.

Accordingly, the Lewis Research Center has conducted

experiments with airplanes which can be flown in a "free

fall" for 30 seconds to 1 minute, thereby achieving zero

gravity. Experiments are being planned on attitude con-

trol of a vehicle containing liquid, an experiment con-

cerned with the ability of a rocket motor to start, and
an experiment on how to expel "boll off" gas from a fuel

tank without expelling some liquid.

CENTAUR GUIDANCE SYSTEM

Development of inertial guidance systems for the Centaur

rocket vehicle, the first U.S. multi-stage vehicle with active

guidance throughout powered flight from lift-off to injection,

is under way. The guidance system will permit coasting
periods followed by engine restart, to satisfy the orbit re-

quirements of 24-hour satellites and lunar and deep space
missions.

Guidance for Centaur is being developed by Minneapolis-

Honeywell as a subcontractor of Convair. The system employs
a four-gimbal platform with three-axis stabilization and a

digital computer developed by Librascope, Inc. It is light

enough -- 150 pounds -- for inclusion in the upper stage.

Terminal Guidance -- A promising technique resulting
from the study of planetary terminal guidance is based on

sighting the planet against the star background to determine

angle of approach, and measuring the apparent diameter of the
planet to determine distance.
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MATERIALS AND STRUCTURES

CHAPTER 13

MATERIALS RESEARCH

Man's progress has always been closely related to the

materials that have helped him conquer his environment.

Particularly in the United States, almost every scientific

advance has depended in large part upon new or improved

materials. For example, aircraft of increased speed and
performance could be constructed only after suitable mate-

rials had been developed to meet increasingly stringent

requirements. Introduction of various types of jet engines

created a need for materials that could operate at ever
higher temperatures. The use of nuclear fission as a heat

source called for materials that could stand not only high
temperatures but atomic radiation as well.

Space flight has introduced many new areas of special

interest to NASA. These include: l) propulsion devices for

aircraft, missiles, and spacecraft; 2) devices to generate

electric power for space vehicles; 3) heat sources other than
combustion (for example, nuclear reactors and solar collec-

tors); 4) structures of missiles and spacecraft; and 5) space

itself (environmental characteristics such as hard vacuum,
radiation, and meteoroids).

Materials for Special Enviror_nental Conditions

Much of NASA's research is directed toward finding

materials that will be suitable for special and demanding

conditions of space flight. Under investigation are such

diverse areas as ablation; properties of metals and ceramics

at high temperatures; oxidation-resistant coatings for pro-

mising metals; deterioration of plastics and other non-

metallic materials under ultraviolet radiation, in vacuum,
and at high and low temperatures; permeability of such

materials to air; and the use of foaming plastics for struc-

tures collapsed on earth and erected in space.

Other Areas of Material Research

Other principal areas of NASA materials research include:

physics and chemistry of solids (effects of strain on the

properties and stability of materials, studies of imperfec-
tions, etc.); materials for use at very high temperatures

(superalloys and refractory materials); oxidation of mate-

rials such as molybdenum, tungsten, tantalum, and columbium,

which have high melting points; materials having light weight
and high strength; materials for use at cryogenic (very low)
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temperatures; materials to resist surface attack (corrosion,

erosion, and evaporation); and special-purpose materials

such as energy converting materials, nuclear fuel elements,

bearing materials, elastomers, and lubricants.

Today, the science of metallurgy recognizes that the

physical properties of a metal -- strength, creep resistance,

and ductility, -- depend on its internal structure and on
the way its atoms are arranged. Studies of the atomic arrange-

ments, of the forces between atoms, and of atomic movement
have led to greater understanding of material failure, and

of such phenomena as fatigue and creep. Basic investigations
of the behavior of materials have led to new concepts for

making them stronger and using them more intelligently.

Fiber Metallurgy - Study of "Whiskers"

Typical of the work in this area is a study of fiber

metallurgy, conducted at Lewis Research Center, to increase

the strength of metals. In solid state physics it has long
been known that the metals commonly used today are far weaker

than they could and should be according to theory. The
reasons are many, but research has shown that weakness is

principally due to imperfections in the crystal structure
of the metals.

When metals or ceramics are made so that they have little

or no crystal structure imperfection, they often show almost

incredible strength.

Metal "whiskers," so called because of their appearance,

apparently hold the key to this problem. Microscopic metal
fibers (diameter of 1/10,O00 inch or less), which grow out

of bits of metal under heavy electronic bombardment, have a

tensile strength of as much as 2 million pounds per square

inch (psi) in comparison with a maximum of 350,000 psi for
modern steels in bulk.

If the full strength of whiskers could be utilized in a

practical engineering material, that material would be so

strong that most structural components could be greatly
reduced in size and weight and still maintain their structural

integrity. Rocket and other space components could be light-

ened, and payloads could be increased significantly.

It is most difficult to experiment with fibers as short
or as fine as actual whiskers. Whiskers are not available

commercially. Some of the great strength of whiskers is
derived from their fine diameter. For example, the finer

wire is drawn, the greater its strength per unit area.

Therefore, research on fine wires is proceeding so that as

much progress as possible in this general field can be made
until whiskers become available in greater quantity.
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The first experiments of this nature utilized strong
wires. Fundamental studies using tungsten wires embedded

in copper have shown that, when the fibers run continuously
from one end of a specimen to another, the composites exhibit

a strength proportional to the number of fibers present in

the specimen and the strength of these fibers. Thus copper,
having a strength of 30,000 pounds per square inch, was

strengthened to more than 120,000 pounds per square inch by

adding 35 volume percent of tungsten fibers (having a
strength of 300,000 pounds per square inch). This shows:

i) that it is possible to strengthen relatively weak metal

by simply adding a much stronger fiber to the metal and 2)

that by adding more fiber, the strength can be increased

proportionately.

Another important finding has been that the same

strengths have been achieved in tungsten-copper composites
reinforced with very short lengths of fibers that do not

extend from one end of the specimen to the other. It follows

that if very short but phenomenally strong whiskers could

replace the wire filaments in such a structure without dam-

age to the whisker strength, the end product would have

unusually high strength. Work to date indicates that this
can be done.

Materials for Cryogenic Fuel Storage During Space Missions

Use of cryogenic (literally, very low temperature) pro-

pellants, such as liquid hydrogen and fluorine, poses prob-

lems in designing tanks to contain them. Liquid hydrogen is

very cold and liquid fluorine has high chemical reactivity.

Liquid hydrogen will be used as a propellant for both nuclear

and high-energy chemical rockets and liquid fluorine may be

used in combination with hydrogen for some chemical rocket

applications. Research programs are therefore under way at
the Lewis Research Center to investigate the design of

reliable tanks of minimum weight for cryogenic fuels.

Little is known about properties of high-strength mate-

rials at very low temperatures. Consequently tensile tests

are being made on sheet metal specimens at the temperature

of liquid hydrogen (-_23°F). To determine how well tensile

properties can be used to predict material performance in

fuel tanks and similar containers under stress, small-scale

pressure vessels filled with liquid hydrogen are also being

tested to compare actual with predicted strengths.

The tensile test program centers on materials that are

relatively insensitive to notches at low temperatures --

principally austenitic stainless steel, and alloys based on

nickel, aluminum, and titanium.
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Investigation of Thermally Insulated Liquid Hydrogen
Tanks -- Hydrogen tanks for rocket vehicles must be thermally

insulated, but conventional vacuum jackets are too heavy.

Needed is a lightweight vacuum-jacketed tank or a low-density

thermal insulation. Experimental and theoretical research

is aimed primarilv at materials and ways of sealing. Problem
areas include: l) attaching insulation to tank walls; 2)

sealing insulation to prevent air condensation; and 3) pro-

tecting insulation from erosion and heating. Results to
date show that several lightweight insulating materials,

such as foamed-in-place plastics, have considerable promise

for use with liquid hydrogen tankage. The research will
also be valuable for nuclear-rocket-propelled spacecraft.

Tensile tests with specimens immersed in liquid fluorine

are in progress to determine the compatibility of highly
stressed tank materials with fluorine.

Analytical and experimental investigations of stresses

in the area of junctions of surfaces have been started, to

aid in designing lightweight tanks. In addition, ways of

reinforcing openings in thin-walled pressure vessels are

being studied.

Solid Propellant Casing Material Studies -- To reduce

weight of large solid-propellant vehicle cases, very strong
materials must be used; however, the ultimate strength

obtained from tensile specimens of the materials used is not

necessarily an indication of the strength of the material in

a pressure vessel under stress in two directions at once.

Consequently, in welding ultra-high-strength steels, small
cracks are almost impossible to avoid. Difficulties also

arise from other flaws in sheet steel. Vehicle cases, welded

and then heat-treated to increase strength, often fail catas-

trophically from these small cracks or flaws. Failures can
occur at loads of only a fraction of the design stresses.

A research program is under way at Lewis to determine

why these sheet steels fracture or crack as a result of heat

treatment. A special device was developed to simulate effects

of cracks in sheet steel specimens. Many commercial steel

types were evaluated and the data were immediately made
available to the Large Solid Propellant Rocket Motor Com-

mittee of the Materials Advisory Board of the National

Academy of Sciences.

None of the commercial compositions in which there were
cracks or flaws were free from embrittlement when heat treated

for very high strength; however, the degree of embrittlement
varied with both steel type and heat treatment. Results of

the investigation permitted selection of optimum heat treat-

ments for given steel types, and information was developed
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that greatly improved the steel used in one of the large
ballistic missiles.

Future studies will be directed to improve steel and

design vehicle cases that will not fail even if small cracks
and flaws occur.

Cryogenic Tank Insulation Studies -- The tanks of

rockets and spacecraft using liquid hydrogen fuel will require

insulation because, otherwise, heat would rapidly flow into

the hydrogen during the atmospheric part of their flights.

Types and amounts of insulation will depend on specific

vehicles and flight programs. However, some requirements

for insulation are universal -- i.e., light weight, low

thermal conductivity, impermeability to air, resistance to

wind erosion, and capability of withstanding aerodynamic

heating at launching.

The Lewis Research Center is investigating insulation

of types that are non-vacuum, non-metallic, bonded to the

outside of the tank, and surface-sealed against air penetra-

tion into the insulation. Recent results of this program
show that :

i. The best of the materials studied are corkboard and

insulation-filled, glass-cloth honeycomb having continuous-

surface layers on both faces (sandwich construction).

2. Epoxy resin fiberglass can be used to bond the insu-

lation to the cryogenic propellant tank.

3. Corkboard has the lowest over-all thermal conductivity

of the materials studied, about 40 percent lower than those

for the best insulation-filled honeycomb sandwich materials.

4. The external surface can be sealed effectively with

O.OOl-inch thick Mylar sheet bonded to the insulation.

STRUCTURES RESEARCH

Designing vehicles for high-speed atmospheric or space

flight is a continuing challenge to NASA's structural engineers.

Spacecraft must operate in many differing environments, some

of great severity. For example, hypersonic aircraft, and

spacecraft entering the atmosphere, encounter aerodynamic

heating during which temperatures of 3000OF and higher are
not uncommon.

Many problems remain to be solved even in lower speed

ranges. Much must be learned about fatigue problems of a

number of materials subjected to jet noise, unsteady aero-

dynamics, and "buffeting" at transonic speeds.
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Much NASA research in these areas is based _n pioneering

by its predecessor agency, NACA, and many new projects have
been started. Highlights of typical NASA research follow:

Turbulence Intensities at HiKh Altitudes

Under direction and coordination of Langley Research

Center, atmospheric turbulence is being measured, at diverse

operational altitudes and weather conditions, in the Western

United States, England, Western Europe, Turkey, Japan, and
elsewhere. Data collected and analyzed so far indicate that

turbulence decreases markedly at high altitudes. However,

strong local effects, such as those caused by mountains and

very high altitude winds {jet streams), may result in fairly

widespread turbulent areas at altitudes as high as 55,000
feet.

Landing Loads for High-Speed Aircraft and Spacecraft

Analytical studies were also made of factors that must
be taken into account in the prediction of landing loads for

future aircraft of very high Mach numbers. Particular atten-

tion has been centered on early landings of the X-15 airplane.

Experimental landing mats and membranes (coverings) for

use on unprepared fields were tested on the Langley Landing
Loads Track Facility to provide information for the Army

Corps of Engineers. For the Navy, Langley investigated the
loads that can be expected when landing brakes are applied,

and loads that might affect landing gear designed for air-

craft coming down on a new non-skid material developed for
aircraft carrier decks.

Extremely high-speed aircraft, and spacecraft entering

the atmosphere, encounter severe frictional heating. If

conventional pneumatic tires are used, they must be retracted
into cooled storage compartments, which add to bulk, weight,

and complexity of the craft. To avoid this, metal skids for

main gears and all-metal wheels for nose gears are being
considered. Information on sliding friction and wear rates

of materials for use as skids is being sought, and research

is under way on how skids are affected by landings on con-

crete, asphalt, and dirt.

Skid materials tested included steel, tungsten, nickel,

titanium, copper, Inconel-X, columbium, molybdenum and two

types of cermets (ceramic-metal materials). Skidding resist-

ance varied from a low of 20 percent of the vertical load

(for tungsten carbide) to a high of more than 50 percent of
the vertical load (for copper).

Two kinds of all-metal wheels were tested. One, made

from wire brush, withstood test conditions but had a very
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high rolling resistance -- about 20 percent of the vertical

load. The other, a wheel with a spring-steel rim, had a

very low rolling resistance, but failed during the tests.

After being altered and strengthened, it will be tested

again •

Erectable Structures for Space Vehicles

To accomplish space missions now being planned, some

payloads will need to be quite large and yet very light in

weight. Mounting such ungainly structures on booster rockets
involves many difficulties. At Langley, ways are being studied

to pack a large structure in a small package, and then --
after it has been lifted into space -- to expel and erect it.

Expansion of the structures by inflation, spinning, or
other mechanical means, using the simplest possible equip-

ment, is being considered. Recent work at Langley has

centered mainly on automatically erecting parabolic reflec-
tors (antennas for television and radio communications) and

solar collectors (to produce auxiliary electric power for
manned or unmanned space vehicles). Several such structures

have been fabricated and tested in ground facilities. Other

experiments have been made on the use of foamed-in-place

plastics to inflate structures of this general type and hold

them rigid.

Tests on a small solar collector of the umbrella type

indicate that its thermal efficiency is almost half as great
as that of much heavier glass or metal collectors. Models
of similar antennas and collectors will be tested in vertical

and orbital flights before they are incorporated in actual

space vehicles.

Soft Landings on Gas-filled Ba_s

Gas-filled bags of different shapes and configurations

have been considered for bringing a vehicle to a vertical

soft landing on the moon, earth, or nearby planets. An

analytical method has been developed at Langley for calcu-

lating deceleration characteristics at descent velocities

up to the sonic speed of the gas enclosed in the bag. It

has been found highly desirable to control the rate of gas

leakage from the bag during impact.

Strength Analysis of Structural Elements -- Many dif-
ferent shapes and proportions are being proposed for aero-

nautical and spacecraft design. Many of the data on struc-

ture acquired in the past now apply only at lower speeds and

with simpler configurations than those of great interest

today. It follows that many old structural problems must
therefore be reevaluated, and that data and methods of

analysis must be developed for new structural approaches.
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Use of corrugated sheet is important in very hot struc-
tures that must wlthstand severe temperature differences.

The shearS-carrying capability of corrugated sheet was eval-

uated experimentally, and charts to aid in the design of

shear beams of high strength-weight ratio were prepared.

Large aircraft and most missiles and boosters have thin-

walled, cylindrical shells. Although much study has been

devoted to predicting the strength of cylinders, little is
known of their behavior under the various loads and pressures,

internal and external, that booster tanks undergo. NASA and

several universities, working under NASA contract, have there-

fore undertaken a theoretical and experimental attack on this

problem. Research at the Langley Research Center has included

an experimental investigation of the strength of large-scale,

carefully constructed circular cylinders under compression,

bending, and internal pressure.

Structures for Manned Reentry Vehicles -- The structural

design of manned spacecraft that will reenter the atmosphere
can be approached in two ways: l) refractory materials can
be used to withstand the very high temperatures of aerodynamic

heating; or 2) standard materials can be used, providing they

are kept at a safely low temperature by a thermal protective

system.

Research in progress includes both approaches. A gen-

eralized study has been made to learn conditions under which

various structural approaches -- hot, insulated, or insulated

and cooled -- are most efficient. Another study is under

way to learn more about how heat transfer occurs in sandwich

panels of the type that might be used for heat shields or

primary structure. Work is also continuing to develop better
test facilities for experiments at high temperatures.

Regardless of approach, refractory metals such as molyb-

denum, niobium, and tungsten are likely to be used either in

the primary structure or in heat shields. An evaluation of

structural components built of refractory metals was there-
fore initiated. The first phase, now nearing completion,

dealt with molybdenum alloy. Working with material suppliers

and fabricators, a number of resistance-welded sandwich

specimens were made and coated to protect the molybdenum
from oxidation. Tests of the welded and coated specimens at

temperatures to 3000°F showed that maximum strength corre-

sponds closely to the strength of molybdenum itself. Tests

of the coating, using both simple and sandwich specimens,
indicated that oxidation failures usually occur at the edges
of the thin sheet. The contractor is now working to correct

coating techniques. Molybdenum structures appear feasible

for reentry vehicles; success of the program has encouraged

additional research by both industry and Government on struc-

tures of refractory metals.

s "Shear" is the load across a beam near its support.
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Structural Dynamics -- A flexible structure is much

harder to control in flight than one that is rigid. Since

large rocket vehicles are inherently more flexible than small

ones, the problem is becoming more and more acute. Three

aspects are involved: the inherent stability of the vehi-

cle; the way it behaves when disturbed by winds, gusts, and

other external forces;'and the ease and degree of control,

especially during launching. Specific studies on the Scout
vehicle indicate that the fin area should be increased and

that the internal control system must be improved.

Tests have also been made on cylindrical and spherical

tanks, using various baffle arrangements to study and con-

trol the detrimental effects that fuel sloshing has on flight;

experimental and analytical studies are also under way on

helicopter rotor systems to reduce flapping of rotor blades.

Panel Flutter -- In an effort to eliminate panel flutter

in the X-15 airplane, all movable portions of the lower ver-
tical stabilizer were tested in the 9x6-foot Thermal Struc-

tures Tunnel at Langley. Various models are being tested
in several facilities to establish conditions under which

the present structure and proposed modifications will be
free of flutter.

Panel flutter tests were also conducted at transonic

and supersonic speeds to determine the behavior of buckled

curved panels with longitudinal stringers.

Other flutter studies included helium tunnel tests of

various wings in the relatively unexplored Mach number region

around 7 and tests in the transonic region to assess the

importance of wing thickness on flutter.

Cryogenic Propellant Storage in Space -- Nuclear or
chemical rocket propulsion systems for future space vehicles

will utilize hydrogen as a propellant. The oxidant for high-

energy chemical rockets may be either oxygen or fluorine.

Since all of these propellants are cryogenic, special care

will be required to keep down losses from vaporization during

long space missions. An analytical study at Lewis calculated

vaporization losses for hydrogen and oxygen tanks of various
arrangements and with different shielding devices. Multiple,

reflective foils were utilized as heat barriers between adja-

cent vehicle components at different temperature levels;

such foils were also tested as possible shields between the
tanks and the sun.
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FLUID MECHANICS

CHAPTER 14

IMPORTANCE TO AIRCRAFT AND SPACECRAFT DEVELOPMENT

Fluid mechanics is the study of reactions between fluids

and solids immersed in them. (In the science of aerodynamics,
air is considered a fluid.) Research in this broad field

applies to many aspects of aeronautics and space flight,
some of which are: l) heating problems associated with the

reentry of space vehicles; 2) stability and behavior of the

viscous boundary layer (the layer of low-energy air immedi-

ately adjacent to the surface of a body); 3) behavior of

plasmas (fluids that become ionized due to very high temper-

atures or electromagnetic radiation); 4) flow processes in

nuclear reactors; 5) properties of gases at high temperatures;

and 6) flow around bodies traveling at hypersonic speeds and

in air of very low density.

Problem of Atmospheric Reentry

One of the biggest reentry problems is to keep vehicles

entering the atmosphere from burning up; to do this, the

nature of the flow around such bodies at hypersonic speeds
must first be known. NASA scientists have made theoretical

analyses to: l) indicate shock wave positions and pressure

distributions about blunt-nosed, slender bodies such as

rockets and missiles, and show the general characteristics

of air flowing by at hypersonic speeds; and 2) to determine

the heat transfer conditions at the stagnation point of a
body.

The next major step is to devise ways of keeping the
body from taking in too much heat. Research has centered on

three methods: l) ablation cooling, in which a surface coat-

ing of material -- for example certain plastics -- melts and

vaporizes, protecting the surface beneath it; 2) internal

cooling; and 3) transpiration cooling, in which a fluid

"sweats" through the skin of the body.

Boundary Layer and Transition

The nature and effects of this aerodynamic heating,
especially at high speeds, depend significantly on whether

the flow in the boundary layer is smooth or turbulent. Tur-

bulent flow produces higher skin friction, and hence more

heat. For years, means have been sought to learn more about

how and why the airflow around a body becomes turbulant. An

important research tool in these studies is the wind tunnel.

In this device, the aircraft model stands still in a moving
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stream of air and experiences the same aerodynamic forces
that would be exerted on an aircraft in flight through
relatively still air.

According to theory, the airflow would remain smooth
longer if the surface of the body around which it passes
were cooled. However, wind tunnel experiments have led to
contradictory results. To obtain more conclusive data, the
wind tunnel experiments were augmented by studies using
shock tubes -- devices in which a gas under high pressure
is suddenly released in a tube to create a shock wave --
rather than the continuous flow of a wind tunnel. These
shock tube studies also showed no correlation with theory;
that is, the use of surface cooling did not affect transi-
tion significantly.

If closer examination of the existing information on
transition mechanism in internal flows supports these find-
ings, research will have to be considerably reoriented to
obtain more data.

Heat Transfer and Skin Friction

Blunting Effects with Supersonic Flow -- An investiga-

tion was made of the effect of blunting (use of blunt rather

than streamlined shapes) on turbulent heat transfer at super-

sonic speeds on wings and tail surfaces of high-speed vehi-

cles. A flat plate with different degrees of bluntness was

studied because it approximates the shape of a wing and is

easy to construct and maintain. Experimentally determined

distributions of heat transfer and surface pressure were

obtained at a Mach number of _.7. These data, which are

being correlated with predictions based on the local flow

conditions over the plate, show that blunting reduces heat

transfer significantly. A second phase of this investigation,

namely the effect of the degree of wing sweepback on turbu-

lent heat transfer, will be undertaken soon.

Gases Emitted to Reduce Skin Friction -- NASA scientists

have been investigating still another approach to the aero-

dynamic heating problem -- the use of gas emitted from the

surface of the vehicle body to reduce the heat generated by

skin friction. A test was made using a porous cone through

which several gases -- helium (a very light gas), air, and

freon-12 (a heavy gas) -- were injected. Skin friction was

measured at Mach numbers of 0.3 to 4.7. The gas injection

substantially reduced skin friction, but it was found that
the Mach number also showed a marked effect on the relative

reduction-- an effect not previously defined or predicted

by existing theories. These experimental skin-friction data

have provided information useful in determining the insulat-
ing effects resulting from surface gas emitted from ablating

surfaces employed on high-speed reentry vehicles.
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Effects of Surface Roughness on Friction -- The range

of supersonic bombers and transports could be appreciably

increased if smoother air flow could be obtained over wing
and fuselage surfaces. So far no great progress has been

made in this direction because present manufacturing tech-

niques leave surface irregularities, and the surfaces are

further roughened by dents, scratches, and the like as the

aircraft is in service. An experimental study of this problem

in a NASA supersonic pressure tunnel has improved understand-
ing of how surface roughness triggers the transition from

smooth to turbulent flow at supersonic speeds. Results

were also correlated to give a method of predicting how
rough a surface could be and still have smooth flow at Nach

numbers up to 2 or 3. An extension of this program to hyper-
sonic speeds is in progress.

Effects of Chemical Reactions on Heat Transfer -- The

objective of another study was to determine the effects of

measurable homogeneous and heterogeneous chemical reaction

rates on laminar heat transfer at hypersonic speeds, with
and without fluid injection. (Homogeneous reactions are

those reactions which occur among various constituents of
the gas, whereas heterogeneous reactions are those that occur

between gas constituents and the surface.) Procedures are

sought for calculating heat transfer to vehicles reentering
the atmosphere at orbital or escape velocities.

Ballistic Models Used to Measure Aerodynamic Heating --
At Ames Hypervelocity Ballistic Range, models are used to

measure aerodynamic heating at flight speeds of from 7,000

to 15,0OO miles per hour. A number of gases are being tested
to investigate heating in the earth's atmosphere at these

speeds, and the heating expected from the atmospheres of

several other planets. Special telemetering instrumentation

was developed to measure the surface temperatures of the
models in free flight.

Tests to date have consisted of measurements of stagnation-

point temperature at a launch velocity of 7,500 miles per hour
in air, argon, and carbon dioxide. Results agree well with

theoretical predictions. Similar tests are planned for
higher speeds. Studies will also be made to determine the

separate contributions of radiation and convection_ to aero-

dynamic heating.

The Problem of Hot Spots -- Studies of "hot spots" on

spacecraft and missiles are continuing. These hot spots are

caused by intense local aerodynamic heating produced by the

shape of the vehicle in combination with particular flight

conditions such as Mach number, altitude, and flight attitude.

Investigations are being made both in rocket-powered models

and in hypersonic, heated wind tunnels. The problem has not

yet been reduced to an engineering computation but it has

The transfer of heat by the automatic circulation of a fluid

(liquid or gas) due to differences in temperature or density.
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shown that the designer must carefully take into account

areas where shock waves intersect leading edges of wings,

sharp corners exist, or protuberances occur in high-speed

air streams.

Cooling of Hypersonic Vehicles

Ablation Cooling -- The ,process of ablation, in which
a cooling material melts and/or vaporizes, has been found

excellent for shielding ballistic missiles and spacecraft

from heat generated during atmospheric reentry. During the

past year, understanding of ablation greatly increased. A
theoretical method has been developed that permits heat

shield requirements to be calculated for the real case of

rapidly varying heat-transfer rates. With this method, data
obtained in ground-simulation facilities can also be evaluated.

Excellent agreement between the theory and experiment has

verified the soundness of the use of ablating materials for

cooling and, in turn, has stimulated research into improved
materials.

For materials that melt before they vaporize, the pres-

ence of a liquid layer alters the process appreciably. The

liquid layer is subject to strong forces of deceleration as
a vehicle enters the atmosphere. Analysis shows that this

can cause the liquid layer to reverse its flow direction

along the body. Consequently, layer thickness varies and

eventually the liquid accumulating at different points may

alter air flow and heat transfer around the body.

Transpiration Cooling -- Further tests are planned in

which the local heat transfer on surfaces cooled by transpira-

tion will be measured for both smooth and turbulent boundary

layers. The local Mach number at the edge of the boundary

layer will range from 0 to 5. In addition to its application

to transpiration and ablation cooling processes, the heat-

transfer information will be used for comparison with avail-

able skin-friction data to determine the analogy between heat
transfer and skin friction with transpiration.

Recent work has revealed that as much as 80 percent of

the convective heat transferred to a blunt body, rotating as

it moves through the atmosphere at high speed, can be elimi-

nated by expelling a small amount of gas through a porous

region in the nose. Skin friction can be reduced as much as

65 percent by the same means. The study also shows that a

limited region downstream of the transpiration zone on the
surface also benefits by reduced skin friction and heat
transferred to the surface.

The results of these studies can be applied to the

planning of future ballistic, reentry, and high-speed glider
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vehicles for which frictional heating is a major design prob-

lem. The information can be applied to rocket-nozzle design
as well.

Internal Cooling -- As heat comes through the skin of a

vehicle, it may be absorbed by a metal "coolant" that melts

at relatively low temperatures. The liquid metal is then

set into motion by the deceleration force and carries heat

to other parts of the body where it can be absorbed. This

internal-cooling method depends on the body shape because

different shapes decelerate at different rates. Accordingly,
a theoretical analysis of the flow and heat transfer of

fluids driven by body forces (such as deceleration) inside
two-and three-dimensional bodies was undertaken to determine

the best body shapes for internal cooling. This analysis

will aid in determining the feasibility of using this cooling

method in various reentry missions (such as ballistic and

glide reentries) and determining the best body shape for a

given mission with given heat transfer requirements.

A number of studies are under way to provide both empir-

ical information on, and understanding of, these processes
which, in theory, should substantially reduce both skin fric-
tion and heat transfer.

Supersonic and Hypersonic Flow

Today's supersonic and hypersonic wind tunnels pose a

number of new problems for the engineer. One of these

involves the physical properties of the air passing through

the tunnel. As temperatures in wind tunnels become higher,

changes take place in the physical properties of the air,
and these changes must be studied and taken into account.

For example, the relatively simple methods used in the past

in designing test nozzles and estimating speeds become inac-
curate.

The "ideal gas" described in Boyle's law, in which pres-

sure and volume are always in inverse proportion, does not
exist at high temperatures. Measurements must be made on

real (non-ideal) gases that do not behave exactly according
to the rule.

NASA scientists are studying real gases at extremely
high temperatures and pressures {more than 4,000°F. and up
to i,O00 atmospheres of pressure). The results of their cal-

culations permit the rapid calibration of real (non-ideal)

hypersonic nozzle flows by the techniques that were used in

the past for ideal nozzle flows. For air (in chemical equi-
librium), the change in nozzle contour for a fixed Mach

number that is caused by non-ideal or real gas effects has
been found to be significant, and the difference between the

actual contour and the ideal contour can be determined only

by carrying out complete nozzle calculations.
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Further studies are being made for air that is not in

chemical equilibrium, under conditions common to very high

temperature arc-gun tunnels. This research contributes

directly to the development of improved tunnels for missile

and spacecraft design.

Magnet oga sdynamic s

This is a relatively new branch of fluid mechanics

which deals with the motion of electrically-conducting fluids

in the presence of electric and magnetic fields. When a

body moves at hypersonic speeds, a strong shockwave around

the body heats the air to temperatures so high that it be-
comes ionized -- that is, it will conduct electricity. Ion-

ization can be increased by introducing, for example, a gas

of a kind that ionizes more readily than air. Applying

electromagnetic fields to the ionized air and gas alters the
flow and heat transfer about the body of a vehicle. Theoreti-

cal studies are under way on the flow of an electrically con-

ducting gas about two- and three-dimensional blunt bodies for

various types of magnetic fields.

Another project in this field is a study of the inter-
action of crossed electric and magnetic fields with a viscous,

incompressible electrically conducting fluid (for example,
brine, mercuryl flowing in a channel approximately as wide as

the fields are long. Immediate goals are to eliminate uneven-
ness in the flow and thus to improve the over-all efficiency

of magnetogasdynamic pumps. It has been found both theoreti-

cally and experimentally that performance can be significantly

improved by properly shaping the magnetic field at the ends
of the channel.

Plasma Accelerators -- Devices for accelerating gases to

high velocities are important for wind tunnel systems, since

they aid in simulating conditions that will be encountered

by space vehicles. Work in this area at Langley Research
Center has included studies of various techniques for pro-

ducing and accelerating plasma (ionized gas). Models of

plasma accelerators have been operated, producing velocities

as high as i00,000 mph.

During the report period, a system was also developed

for producing highly ionized gases by using a cyanogen-

oxygen flame to which alkali metal is added. The plasma

produced simulates the electron density encountered by the
nose of a ballistic missile reentering the atmosphere. The

highly ionized flame was employed for laboratory study of
radio blackout {loss of radio signals) from high-speed mis-

siles when they are surrounded by hot ionized air.
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New Possibilities -- A significant finding during the

period in the new and still almost uncharted field of magneto-

gasdynamics was that electrodes made of lanthanum hexaboride
can be operated in a nitrogen atmosphere without being reduced

in efficiency. This opens up new possibilities, since it

offers a means of accelerating relatively dense ionized gases.

The generation and study of high-temperature ionized

plasmas is of importance in various thermonuclear (fusion)

and space-propulsion devices. NASA has undertaken research

to heat plasmas as high as 500,O00°F. or more by using high-

frequency magnetic fields. Present efforts involve a small

(2-inch) discharge tube, but NASA is designing larger devices

to employ greater radio-frequency power -- initially 15 kw
and later 200 kw.
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SPACECRAFT AERODYNAMICS

CHAPTER 15

PRESENT RESEARCH SCOPE

In recent months, NASA research on spacecraft aerody-

namics has been mainly concerned with entry vehicles and

problems related to them. An extremely wide variety of

configurations is under investigation, including: I) zero-
lift ballistic types (ranging from blunt vehicles like those

used in Project Mercury to less blunt devices having higher

impact speeds for advanced ballistic missile applications);

2) low-to-moderate lift capsules (such as might be appropriate
for satellite or lunar missions); and 3) wing and body con-

figurations having lift-drag ratios as high as 2.5.

Entry Vehicle Problems

The main problems in this area involve: I) handling
reentry aerodynamic heating; 2) reducing reentry deceleration

forces; 3) providing aerodynamic stability and control; and

4) providing lift when needed for greater maneuverability

and flexibility of operation. Another important and closely
related problem is determination of the most favorable modes

of operating some of these configurations during entry.

The nature and importance of each problem varies with

the configuration and the mission. For example, research

data and flight experience indicate that aerodynamic heating
of blunt-nose ballistic missiles and satellites can be

handled straightforwardly by advanced ablation techniques.

With entry vehicles of higher speeds, such as those returning

from lunar or interplanetary flights, similar techniques
might also apply, but more research is needed.

During entry, zero-lift ballistic capsules have little

or no maneuverability for steering to a desired landing area

or for correcting small guidance errors before entry. Both

Langley and Ames have extensive research programs under way

to study the relative advantages and disadvantages of using

lift to provide greater maneuverability and to reduce decel-

eration forces. A number of wind-tunnel test programs are

in progress to test ways of increasing lift by simple modi-

fications. Some involve adding flaps to compact ballistic

capsules, designed to have small amounts of basic lift, or

to more slender bodies having somewhat greater lift. Still

more lift can be obtained from rigid, high sweptwing-and-

body configurations, from inflatable-wing gliders, and from
flexible kite-like structures.
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Generally speaking, however, increased lift intensifies

the heating problem. Many configurations, some of them

rather novel, are being tested in high-speed, high-temperature

wind tunnels, in ballistic ranges, and in other laboratory

facilities to determine lift, drag, stability, and control
characteristics.

Stability investigations have included specialized tests
to determine the dynamic response to flight disturbances.

Some of the configurations being investigated have the poten-

tial of landing at conventional airports; they have been

tested in low-speed wind tunnels and free-flight facilities.

Many spacecraft concepts employ parachutes for recovery, and
all NASA research centers have made important contributions

in advancing the technology of parachutes and other special-

ized drag-deceleration devices.

Booster Stage Separation

Space vehicles use stage or step rockets -- three or

more propulsion units stacked one on top of another, or in

clusters -- as the most efficient way of lifting a payload.

As each stage uses up its propellant, it must be separated

from the remaining stages so that it will not be carried

along as dead weight.

A key problem is how to separate the used stages without

knocking the upper stages off course. In earlier, relatively

simple, staged rockets, it was possible to force the separation

with an explosive device such as a powder charge. However,

the more refined, high-payload systems now in use require
that the propulsion unit of the upper stage be brought to

full thrust before separation; it is then flown off the

lower stage.

Starting the upper stage before separation takes place

requires that there be ports between the two stages, large

enough to allow the rocket exhaust gases to escape without

introducing extraneous forces. At Lewis Research Center,

this problem has been simulated in an altitude chamber; the

effects of size, location and shape of the ports and adjacent

areas have been determined. This study indicated some of
the ways in which these factors influence and interact with
each other.

Experiments have also been conducted in various transonic

and supersonic wind tunnels at the Ames, Langley, and Lewis

Research Centers to determine: l) the magnitude of the aero-

dynamic forces and interactions that occur in the junction

region as the stages separate; and 2} the general aerodynamic

characteristic of each stage in several representative booster

configurations. The actual dynamic separation of the two
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stages is simulated in some of the tests. Results indicate

that the airflow around the upper stages as they separate
can possibly introduce extraneous forces. Under some con-

ditions, fluctuating loads that cannot be calculated readily
will disturb the upper stages and introduce unknowns into the
final trajectory.

Vehicle Base Heating

A major problem in rocket vehicle launching is the
recirculation of hot exhaust gas around the base of the

vehicle, heating it to very high temperatures and, in some

cases, even setting the engine compartment on fire. The

problem has grown more complex with the increasing use of

clustered rockets. At Lewis and Langley both single and

clustered jets are being used to learn more about base heat-
ing and how to control it.

At Lewis, jet gas recirculation was observed in the

8x6-ft. supersonic wind tunnel, employing four-jet and eight-

jet cluster configurations up to Mach 2. Measurements defin-

ing the jet flow recirculation patterns confirmed that base

heating is indeed a more severe problem with clustered jets
than with a single jet. Preliminary observations were made

to determine the effectiveness of techniques for alleviating
the base heating problem.

Similar measurements were made using a single jet to
velocities as high as Mach 3 in an effort to consolidate and

generalize previous data and to extend single-jet research to

higher Mach numbers and altitudes.

Booster Recovery Systems

Since rockets are complicated and extremely expensive

devices, considerable thought has been given to the possi-

bility of recovering boosters after they have been fired,

making whatever repairs or replacements are necessary, and

using them again.

The chief problem, of course, is to return the booster

to the ground in as nearly an undamaged condition as possible.

The problem is being attacked from several angles. One of

these is the use of lift to reduce the aerodynamic forces and

to permit a relatively precise point landing near the launch-

ing area. Winged boosters powered by air-breathing engines

are being considered for the first stage. Use of parachutes

or residual propellants for braking during reentry or landing
are also being investigated.

Wind Loads on Vehicles in Launch Position

When a rocket vehicle is in launch position and a strong

ground wind is blowing, the vehicle is under a relatively
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steady load in the direction of the wind, but may oscillate
in the crosswind direction. Work is in progress at Ames and
Langley to learn more about these crosswind oscillatory loads,
on which there is at present little experimental data. For
large bodies there is not even a satisfactory theory to use
as a basis for estimates. Therefore, models have been con-
structed and are being instrumented for use in the Ames 12-ft.
pressure wind tunnel to develop empirical relations that will
provide estimates of wind-induced stresses in cylindrical
structure s.
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AIRCRAFT AERODYNAMICS

CHAPTER 16

CONTINUED IMPORTANCE OF RESEARCH

For years to come, the chief means of rapid passenger

and cargo transport will continue to be aircraft flying

through the earth's atmosphere and powered by air-breathing

engines. Research aimed toward swifter, safer, and more

efficient aircraft continues to be an important activity of

the Langley and Ames Research Centers.

Subsonic aerodynamic phenomena are relatively well under-

stood; existing knowledge is usually applied to solve special

problems arising from new aircraft concepts and from contin-

ued economic pressure to make existing aircraft faster, safer,

and more efficient. At supersonic (1,O00 - 3,500 mph) and
hypersonic (above 3,600 mph) speeds, aerodynamic knowledge

diminishes as the speed increases. It must also be taken into

account that the swifter aircraft will encounter problems in

lower speed ranges that may profoundly affect over-all design.

Subsonic Speed Types

Langley and Ames are studying a wide variety of V/STOL

(Vertical and/or Short Takeoff and Landing) aircraft, includ-

ing helicopters and ground-cushion machines.

Work on helicopters has included determining and speci-

fying control-response characteristics needed to permit flight

in all kinds of weather. A Langley variable stability heli-

copter used to simulate unconventional configurations has

paved the way to successful transition flights of new military
research airplanes, called "test beds." Recent Ames heli-

copter rotor tests have shown several possible ways to delay

blade stalling and thus enable higher forward speeds.

Years of Langley effort on propeller-driven, tilt-wing,

and deflected-slipstream aircraft have provided a research

background for the family of tilt-wing aircraft now under

flight evaluation by the military services. NASA pilots and

engineers participated in early evaluation of the flying

qualities of these vehicles. Langley will soon flight test
a representative tilt-wing configuration (Vertol 76).

Ames full-scale wind-tunnel tests have resulted in mod-

fications providing more satisfactory flight characteristics
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for a tilt-rotor (Bell XV-3), a deflected-slipstream (Ryan

02), and a tilt-duct (Doak 16) VTOL aircraft. These are to

be included in the NASA program to evaluate the flying

qualities of various VTOL types.

The ground-cushion machine is a unique new vehicle that

hovers a few feet above ground or water. It is supported by

the lift of a jet of air directed downward. Lifts of from

six to lO times the design thrust have been obtained near the

ground or water. Probably of equal importance, knowledge has

been gained on how to reduce adverse ground effects associated

with many VTOL designs.

Transonic-Supersonic Speeds

Supersonic aircraft design has always been compromised

by conflicting requirements of subsonic flight associated

with taking off, landing, and cruising. Recently Langley

proposed a new type of aircraft incorporating the principle
of wing variable sweep to obtain optimum subsonic as well as

supersonic characteristics. After extensive wind tunnel

tests, an aerodynamic configuration has been developed that

provides large changes in wing sweep with relatively small

changes in stability. This was obtained by sweeping back

the outboard wing panels only, without any changes in fore

and aft wing position. Performance studies indicated that
an aircraft designed with this feature could have excellent

short field take-off and landing characteristics, long sub-

sonic range, extended loiter capability (ability to fly in

a given vicinity at relatively low speeds for long per-

iods of time), and efficient high-altitude supersonic

cruising.

In recent months experimental studies were made to

develop optimum supersonic cruise airplane designs. A swept-

wing transport was developed for flight at Mach 2, utilizing

results of local flow studies to improve the wing-fuselage-

nacelle combination. This program achieved the highest

experimental lift-drag ratio (which is indicative of the

aircraft's range and efficiency) for a complete configuration

yet attained at Mach 2.

To reduce interference effects, recent experimental

studies were conducted at Mach numbers from 2 to 4, using

various shapes and designs of wings and fuselages, and

changing engine placement. These studies have provided

valuable aerodynamic data to improve design; the combination

of these elements into an integrated configuration has in-

creased lift-drag ratio by lO to 20 percent over the highest
ratios previously attained.

As noted previously, the ratio of lift to drag is the

primary aerodynamic factor governing range and aircraft
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efficiency; it is composed of three basic elements -- wave

or pressure drag, produced at supersonic speeds by the

shock-wave pattern over the aircraft (about 15 percent),

skin friction drag (about 35 percent) and drag due to lift
(the remainder).

Until recently, the skin-friction drag of an aerodynam-

ically smooth surface was considered to be at an irreducible

minimum. However, recent experiments at supersonic speeds
have shown important reductions in turbulent skin friction

when small amounts of air were injected into the boundary
layer. The source of injected air would be the so-called

"bleed" air available from the air inlets. This air-injection

technique may also help reduce surface temperatures at
supersonic speeds.

In the field of drag resulting from lift, new insight

has recently been gained in regard to the use of wing camber_

and twist as a possible way of reducing such drag. After

analysis and correlation of theory with experiment, marked

improvements in lift-drag ratio have been measured experi-

mentally for twisted and cambered wings in the moderate ,

supersonic speed range, pointing the way to efficiency as
high as, or higher than, that of present-day subsonic jet

aircraft. Incorporating these advances into practical con-

figurations would improve performance in military aircraft,

as well as help usher in the era of supersonic transports.

Hypersonic Speeds

Exploratory research programs are in progress to define

the problem areas and establish the general feasibility of

air-breathing craft capable of sustained cruising at hyper-
sonic speeds, indications are that within the next few

years development of airplanes with cruising speeds of
about Mach 6 could be seriously considered. At higher speeds,

however, aerodynamic heating -- especially in the interior of
the engine -- presents grave problems from a materials stand-

point, and it remains questionable that sustained cruising at
_ach 8 to 12 can become practicable.

AIR-BREATHING ENGINES

Research on air-breathing engines at Lewis Research

Center has been primarily devoted to problems of supersonic

inlets for turbojets and ramjets. The inlet investigation,
conducted in the 8x6-ft. and lO x lO-ft, supersonic wind

tunnels, includes both basic inlet research, and special

The curvature of the median line from the leading edge to

the trailing edge of the wing or airfoil.
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inlet research and evaluation requested by the military
services.

Two basic experiments were conducted in the lOxlO-ft.

tunnel to estimate accurately preliminary aircraft design

performance: l) the aerodynamic drag of a full-scale inlet

boundary layer diverter plate,_ measured at Mach numbers of

from 2.0 to 3.5; and 2) a rectangular Mach 3.0 inlet was

installed beneath a supersonic aircraft configuration with

drag measured for various inlet locations. These measure-

ments defined the extent of aerodynamic drag for an inlet-

engine package located beneath the aircraft, and the effect

of the fuselage on inlet performance.

At the request of the Air Force, the inlet system of

the Northrop Corporation Radioplane Division Q_B target
drone was installed and evaluated in the 8x6-ft. tunnel.

Design performance of this vehicle is anticipated after

modifications derived from the tunnel tests are incorporated
on the inlet.

Inlet tests for the Talos missile were made in the

lOxlO-ft, tunnel at request of the Navy. Design performance

was checked and the modifications needed were suggested to

the contractor for continued missile flight testing.

Work on air-breathing engines at Ames has also been

largely devoted to the study of engine inlets. The effect

of engine location on the performance, stability, and control

of low-aspect-ratio$$ missiles was studied, and an arrange-

ment was found that reduced the total drag by 25 percent.

A difficulty with missile inlets is that, at the speeds

involved, the temperature is so high that it affects the

chemical and physical properties of the air. A number of

investigations under way are directed toward these problems.
Studies of the external and internal characteristics of air-

induction systems have shown that pressure can be appreciably

increased by removing a small amount of the boundary layer.

Theoretical studies have given results applicable to pressure

calculations which will greatly reduce the amount of experi-
mentation required.

At Langley Research Center, previous research on air-

breathing propulsion systems has been limited to speeds below

A device placed between the jet inlet and an adjacent

surface to redirect low-energy air around the jet.

The ratio of the span to the width of a wing or airfoil
structure.
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Mach 4 for possible application to long-range manned air-

craft, missiles, and boosters for space vehicles. Analytical

and experimental programs on air inlets, diffusers, and

exhaust nozzles are now in progress to investigate feasibility

of promising aerodynamic arrangements and to establish the

performance that can be achieved at hypersonic speeds in these

complex internal-flow systems.

A preliminary wind-tunnel investigation of an internal

compression, two-dimensional inlet at Mach 7 was completed,

to determine performance level on a simplified model and to

discover the associated flow problems. Relatively high

pressure recovery, with small losses, was achieved. Detri-

mental viscous effects, more serious at this high Mach

number than at lower speeds, were reduced by bleeding low
energy flow or boundary layer air through the side walls.

More detailed investigations of air inlets and exhaust

nozzles, with and without temperature simulation, are in

progress, and analyses have shown that reasonably short and

practical shapes are feasible. In addition, nozzles have

been designed to provide a substantial lift force at no loss

in thrust, and to aid in obtaining lift-to-drag ratios

required for long-range vehicles.
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OPERATIONS AND ENVIRONMENT

CHAPTER 17

EMPHASIS ON PROBLEMS OF ADVANCED AIRCRAFT

Problems of flight within the atmosphere have grown more

complex with each advance in aircraft design and speed, and
with each innovation in the development of high-speed trans-

ports, helicopters, vertical take-off and landing (VTOL) and
short take-off and landing (STOL) craft. Prime attention is

focussed on determining means to insure the safety of vehicles

and crews, and upon learning more about the environmental and

special conditions under which they must operate. Work on
flight problems is going forward at Ames, Langley, Lewis, and

at flight research centers.

Operatin_ Statistics

In a long-range cooperative effort with major airlines of
the United States and with some foreign operators, NASA in-

stalls instruments that record the accelerations, air-speeds,

and altitudes of airplanes during entire flights from take-

off to landing. Samplings will be made over a period of about

two years. Records are returned to Langley for evaluation and

analysis. Pointing up development problems that arise when

new equipment is introduced, the records show potential
sources of structural fatigue not considered in design, and

flight practices not in keeping with the design of the air-

plane. Information already passed on to the airlines and

manufacturers has brought about corrections to maintain and

improve the safety record of U.S. airlines.

Aircraft Flying and Handlin_ Qualities

NASA is studying problems connected with flying high-

Performance aircraft and has helped establish performance

capability requirements. Special flying techniques have been

developed for landing these aircraft with or without power.
Effects of crosswinds on take-off capabilities of jet trans-

ports have also been investigated.

As noted previously (see Aircraft Aerodynamics), NASA

is studying and improving the handling quali_ies of helicop-
ters to achieve all-weather operational capability. Work on

experimental VTOL vehicles is being pushed to improve stabili-

ty and handling.
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An experimental flight study of sonic booms to determine

the effects of Mach number, airplane size, flight altitude,

and climb angle on ground pressures was conducted by Langley
with FSu-3 and B-58 airplanes. Ground pressures and the res-

ponse of simple buildings were measured. The data so ob-
tained will be used in operational studies to evaluate means

of lessening structural damage by means of flight planning

and programming for supersonic transports. It has been found

that ground pressure can be reduced significantly by increas-

ing the airplane's climb angle.

Since sonic boom intensity on the ground is related to

the airplane's altitude, proper flight planning is necessary.

The airplane must climb at subsonic speeds as high as possi-

ble before accelerating to supersonic flight for the remain-
der of its climb and for cruising. This technique, while not

a cure-all, will help alleviate the critical sonic boom prob-

lem for supersonic transports.

Studies of Aircraft Landing Problems

Landin$ Speeds -- A NASA study of factors influencing
choice of landlng speeds or affecting the safety and preci-

sion of the landing approach has disclosed that pilots limit

landing speed primarily because of loss of control of flight

path angle and attitude. Contributing elements include,

among others, poor engine-thrust response and reductions in

stability and control at low speeds.

In landings where throttling the engine becomes an im-

portant means for attitude control, the dynamic engine res-

ponses of a number of jet-propelled airplanes were investi-

gated. Flight studies were also made to show how a continu-

ously controllable thrust reverser affects the landing ap-

proach characteristics of a jet-powered aircraft. Thrust
reversal results showed: l) reduced landing approach speeds

for steep approach angles; 2) a widened selection of approach

angles; and 3) improved glide path control and more accurate-

ly controlled touchdown points.

Runways -- Rough taxiways or runways impose significant
stresses on aircraft and can make for serious control diffi-

culty during take-off and landing. In many cases, the neces-

sity of operating from unprepared fields has important mili-

tary bearing.

For several years, Langley has been conducting an organ-

ized study of ground bumps, airplane behavior, and the influ-
ence of factors such as speed and airplane weight. Progress

has been made in determining how rough runways may be -- or

how smooth they must be -- for civilian and military aircraft

of different types.
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._Flight Safety

Thrust Reversal -- Investigation in the Ames 12-foot

pressure wind tunnel, using a scale model typical of current

jet transports, indicated that reverse thrust can be employed
effectively to brake high-speed descents from operational

altitudes. Applying reverse thrust under cruise conditions

would also more than double the drag and initial rate of

descent without lessening the pilot's control or causing the

airplane to be buffeted.

Noise

Suppression -- Noise from jet engines is created by the

high velocity of jet exhaust gases and by the rapid rotation

of compressor blades (compressor whine). Jet-exhaust sound

suppressors developed by NASA are being flight-tested to de-

termine over-all effects on aircraft performance.

Several methods for reducing compressor whine are being

studied. Preliminary studies are also under way to study

noise problems expected when advanced types of supersonic

transports begin operating.

Generation -- Studies of turbulence and noise associated

with a jet fan exhaust pipe) make it possible to predict the

noise field of any jet. The method applies equally to small

subsonic jets or to large rockets. Studies of low-turbulence,

low-noise nozzles have greatly increased knowledge of noise-

suppression techniques.

Boundary Layer Noise -- A turbulent boundary layer near

the surface of any vehicle moving through the atmosphere pro-

duces fluctuating noise at the vehicle surfaces. The magnitude

of these pressures depends on characteristics of the boundary

layer and velocity of the vehicle. At transport aircraft

velocities, pressures transmitted through the skin of the
aircraft can result in high interior noise levels. At the

extremely high speeds of ballistic missiles, noise pressures

become great enough to cause structural damage and can re-
sult in malfunctions of delicate control and electronic

equipment.

Basic studies of boundary layer turbulence and noise

are being conducted over the entire range from transport

flight speeds to ballistic missile reentry speeds. Methods

for predicting noise levels and their effects are being
developed.

Rocket Noise -- Noise fields around rocket engines have

been measured, with particular attention to launching manned

space vehicles. Results indicate that data from small-scale

tests can be correlated with those for very large engines.
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Future Supersonic Transports

The delta-wing configuration used for supersonic air-

planes requires greater pilot attention than do older types
because of poor lateral-directional characteristics. Thus,

during landing, a considerable speed margin above stall is

needed to allow for airspeed fluctuations. To determine

minimum acceptable characteristics in landing approach, tests

were conducted, using a variable-stability airplane, to in-

vestigate ranges of damping and bank-to-sideslip ratios of

present craft and of those projected for the future. Results

were obtained for both normal operation and also for failure

of stability equipment -- such as power boost and automatic
control dampers -- to limit airplane motions. Pilots agreed

with theoretical findings previously made, that greater damp-

ing is required with increased bank-to-sideslip ratio. From

the standpoint of control, an investigation using both fixed

and moving simulators and airplanes, disclosed that roll

damping and roll-control power boosting were necessary to
establish a standard for satisfactory roll performance.

Studies of Spacecraft Landin_ Problems

A healthy, trained parachutist can normally land without

serious injury by using the shock-absorbing power of his bent
knees. If, however, he parachutes in a rigid container (such

as a capsule coming from space or ejected from a hypersonic

vehicle), there must be some shock-absorbing medium to take

the place of the man's springing legs. Similarly, delicate
instruments landed by parachute from missiles or spacecraft

must be protected from landing shock. A Langley program seeks
to determine the effectiveness of several methods of shock

absorption that can be used for bringing capsules down softly,
on land and in water, using airfilled bags, springlike struc-

tures, and crushable material as shock absorbers.

When a vehicle makes an emergency landing, it may come
in much faster than the planned rate of descent. The pilot

must be safeguarded against such a possibility. Work is in

progress on blocks of crushable materials to cushion the

pilot and absorb landing shock. The material has been sub-

jected to many tests, and results show that its use definite-

ly increases the pilot's chance of surviving a crash landing.

Hard Surface Landing of a Winged Space Vehicle

An investigation has been made of landing stresses under-

one by a winged space vehicle having a main-skid, nose-wheel
X-15 type) landing gear employing the plastic-deformation

properties of a metal to absorb the landing shock. Simple
aluminum cantilever elements were incorporated into the gear

struts in place of shock absorbers, and deformed in bending

during landing impact. Data on loads were obtained with an
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airplane on a runway surface at the monorail facility of

Langley's Hydrodynamics Division. Many variations of landings

were tried, using different approaches and sinking speeds and

different cargo weights. An alternate nose-skid gear and an
alternate nose-wheel gear position were also investigated.

A few landings on smooth water were also made, using a nose-

skid main-skid gear.

For a common landing gear configuration with the main

gear near the wing trailing edge and the nose gear far for-

ward, severe loading occurs at initial nose gear contact. A

maximum nose wheel impact load of approximately 5.5g was ex-

perienced with plastic-deformation struts at a landing trim

of 13 degrees, a gross load of 5,000 pounds, and a sinking

speed of five feet per second.

Inflated-Sphere Soft-Landing Techniques

NASA plans call for instrument packages to be dropped

"softly" on the surface of the moon and planets. One tech-

nique under study is to enclose the package in a gas-inflated

plastic sphere. Analysis indicates that vacuum tubes and

other delicate equipment so enclosed can withstand impact
velocities as high as 600 to 1,OOO feet per second, and that

payloads as large as 70 percent of the total mass of the

landing vehicle can be accommodated.

Pilot Performance

The role of piloted-flight simulators in aeronautics and

space research is on the increase. Experimental vehicles,

such as the X-15, VTOL aircraft, boost gliders, and manned

satellites, are simulated with electro-mechanical trainers in

which the flight motions and other characteristics of these

vehicles are investigated with pilots at the controls.

Effects of normal (head-to-foot) and longitudinal (front-

to-back) gravity fields on the pilot's ability to control a

vehicle when it plunges into the atmosphere are being studied,

using the centrifuge at the Aviation Medical Acceleration

Laboratory, Naval Air Development Center, Johnsville, Pa.

(see Project Mercury). The centrifuge is also being employed
for the X-15 program and other NASA research.

Simulators

Side-Located Controllers -- Tests have shown that side-

located controllers which move about two axes and govern the

vertical and horizontal motion of the flight vehicle are

superior to conventional center-located control sticks for

use by pilots in high-performance flight vehicles. The char-
acteristics of a number of side-located flight controllers

having three degrees of freedom are being tested in ground-

based cockpit simulators at Langley. The better configura-

tions, on the basis of pilot performance and ease of operations,
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are to be tested in flight. Such tests may lead to better
pilot control of hypersonic and high acceleration vehicles.

Weightlessness Simulator -- A device under development

at Langley to simulate weightlessness consists primarily of

a rotating water tank in which an animal or human subject can

be wholly immersed. The chief purpose is to deprive the

subject of the same orientation cues that he would be missing

in a weightless state. Objective and physiological measure-

ments will be made. The device is currently undergoing shake-

down tests with immersed subjects.

Pitch-roll Motion Simulator -- This device, also at

Langley, supplies the pilot with cues that simulate the angu-

lar motion of a vehicle in flight. The device has undergone

preliminary testing and is currently being set up to simulate

the motions of the Mercury satellite vehicle through its retro

and reentry maneuvers. It will be used to learn more about

how the pilot will respond to angular motions in carrying out

these maneuvers in actual flight. It will also aid in design-

ing and/or improving controllers, instruments, and related

equipment to perform maneuvers adequately.

Full-View Visual Presentation System -- A third simulator
at Langley is a device developed to examine, without danger,

a pilot's ability to perform terminal maneuvers visually with

reentering winged satellites or other low lift-to-drag ratio

aircraft. The device is currently under design and construc-
tion.

VTOL Simulation

A Sikorsky A03S-1 (Commercial S-S1 model) helicopter has

been modified electronically to simulate VTOL aircraft during

the hover stage. Control power and damping can be varied

with this experimental craft and the best set of combinations

for each VTOL vehicle can be determined. To date, three types
of VTOL aircraft have been simulated. Manufacturers have been

informed of suggested changes in control power and damping and
NASA and company pilots have been trained in the flying char-

acteristics of each vehicle before flying the actual aircraft.

Simulation of Satellite Vehicles

To determine how well pilots can control the motions and

trajectories of several proposed satellite designs during

return to earth, simulated flights were made using a fixed

cockpit simulator.* Stability and control characteristics of

the vehicles were documented and displayed to the pilot on

instrumentation similar to the types that will probably be

* A device that simulates instrument readings, but not the
motion of the simulated craft.
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used. Tests were made on the pilot's ability to control: I)
high-drag capsules (including the Mercury capsule); 2) high-
drag, variable-lift winged vehicles; and 3) glide capsules.

To reproduce vehicle accelerations during atmospheric
entry, further tests were made using a cockpit mounted on the
arm of the 50-foot Navy centrifuge noted earlier. The com-
pleted tests indicated that pilots can withstand reentry
stresses.

Navigation Simulator

Methods of navigating satellite vehicles during reentry

and descent to a designated point on the earth's surface were

tested, using a simulated piloted vehicle and ground-control
center (a cockpit electronically connected to analog com-

puter equipment). Methods of navigation included: i) ground
control (voice) approach methods; 2) on-board computer with

visual display to pilot; and 3) automatic hovering control.

All three methods were found satisfactory.

Environment

Winds -- Programs are under way to study high-altitude
winds-B-y-means of rocket smoke trails and to study the

detailed nature of cloud turbulence by flying a specially

instrumented airplane through clouds. More studies will be

required to obtain definite answers, but the recent data ob-
tained will permit research studies of the trends in missile

and aircraft behaviors and the modification of current analy-
ses used in the design of flight vehicles.
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ORGANIZATION AND SUPPORTING ACTIVITIES



THE NASA ORGANIZATION

CHAPTER 18

STRUCTURE AND FUNCTIONS

General Plan of Organization

The National Aeronautics and Space Administration is

organized around three major program activities -- Space

Flight Development, Aeronautical and Space Research, and

Business Administration._ Planning and executive direction

of NASA programs are vested in Headquarters; program execu-

tion and administration are delegated to field research and

space flight centers. In addition to the immediate Office

of the Administrator, consisting of the Administrator,

Deputy Administrator, and Associate Administrator, and their

respective assistants, the chief elements of NASA organiza-
tion are as follows:

Headquarters

Staff Offices provide staff assistance within their areas
of responsibilities. NASA staff offices include: l) Assist-

ant Administrator for Congressional Relations; 2) Program

Planning and Evaluation,- 3) General Counsel; _) Public Infor-

mation; 5) International Programs; and 6) Inventions and Con-
tributions Board.

Research Advisory Co_mittees_ assist the Administrator
in directing research activity towards scientific and techni-

cal problems requiring additional research emphasis. There

are 13 such committees in the following areas: l) Fluid
Mechanics; 2) Aircraft Aerodynamics; 3) Spacecraft Aero-

dynamics; 4) Control, Guidance, and Navigation; 5) Chemical

Energy Processes; 6) Nuclear Energy Processes; 7) Mechanical

Effective January i, 1960, NASA's program direction acti-

vities were assigned as follows: Office of Advanced Research

Programs (directing advanced aeronautical and space research),

Office of Space Flight Programs (directing mission planning,

payload design and development, and in-flight research and

operation), Office of Launch Vehicle Programs (directing

booster development and space vehicle launchings) and Office

of Business Administration (with functions as in this report).

• _ Membership of NASA Research Advisory Committees is listed

in Appendix G NASA's First Semiannual Report to Congress --
October i, 19_8 to Marc-_, 1959.
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Power Plant Systems; 8) Electrical Power Plant Systems;
9) Structural Loads; lO) Structural Design; ll) Structural
Dynamics; 12) Materials; and 13) Aircraft Operating Prob-
lems.

Program Direction Offices are under the supervision and
coordination of the AssoclateAdministrator. These three

offices plan and direct NASA programs:

i. The Office of Space Flight Development is concerned
with all aspects of space exploration incl_ding: design and

procurement of vehicles and payloads; launching and monitor-
ing of satellites, space probes, and manned space vehicles;

and accumulation and interpretation of data. The office

directs and coordinates the activities of the Goddard Space

Flight Center, Greenbelt, Md.; Jet Propulsion Laboratory,

Pasadena, Calif., operated by a NASA contractor; Wallops

Station, Wallops Island, Va.; and NASA installations at the

Atlantic Missile Range, Cape Canaveral, Fla., and the Pacific

Missile Range, Point Arguello, Calif.

2. The Office of Aeronautical and Space Research directs
and coordinates the activities of Langley Research C Bnter,

Hampton, Va.; Lewis Research Center, Cleveland, Ohio; Ames

Research Center, Moffett Field, Calif.; and Flight Research

Center, Edwards, Calif. The office conducts a program of

basic and applied research in support of aeronautics and

space science and technology. It contracts with laboratories

of industry and of educational and non-profit institutions

for supplementary research.

3. The Office of Business Administration manages and

directs administrative and management support activities of

NASA as described by the names of its major divisions; Budget

and Fiscal, Procurement and Supply, Personnel, Security,

Technical Information, Audit, and Administrative Services.

It also provides management analysis, safety, and facilities
coordination services.

Field Installations

Execution of NASA in-house research and development

programs is accomplished at nine Government-owned and oper-

ated facilities and one Government-owned, but contractor-

operated, installation.

Research Centers -- Chief areas of research include aero-

dynamics and flight mechanics; propulsion systems; structural

materials; and operating problems. In addition to their work
in advancing the frontiers of knowledge in aeronautics and

space sciences, the centers conduct research for the military
in support of new weapons systems. NASA research centers and

their functions, and brief summaries of activities during the

reporting period are shown below.

- 132 -



I. The Langley Research Center, Hampton, Va., is
responsible for research, both basic and applied, in aeronau-
tical and space flight fields. The work of this center is
primarily centered upon research in aerodynamics, fluid
mechanics, stability and control, vibration and flutter, and
loads, structures, and materials.

During the period of this report, Langley per-
formed research and development on such projects as inflation
techniques for inflatable satellites, design of vehicles for
space flight, Vertical Take-Off (VTOL) and Short Take-Off and
Landing (STOL) aircraft, ground cushion machines, multi-staged
solid fuel rocket systems, and the Mercury Program. In Proj-
ect Mercury, Langley is responsible for establishing tracking
stations and monitoring contracts for the Mercury range. Dur-
ing the period, Langley Research Center participated in stu-
dies and tests relative to Mercury noise vibration and fatigue
studies, control of capsule in flight, pilot safety during
early flight, free flight tests of models, water and land
impact, floating of the capsule, wind tunnel tests, and fab-
rication of the capsule for the Little Joe tests.

2. The Ames Research Center t Moffett Field, Calif.,
is responsible for research, both basic and applied, primarily
in the fields of aerodynamics, fluid mechanics, and loads
relating to aeronautical and space flight problems. This
Center also performs selected research studies relating to
fluid mechanics, stability and control and vibration and
flutter.

Among research and development projects in
which Ames was engaged in during the period were: orbital at-
titude stabilization of the meteorological satellite (Project
Nimbus); attitude control systems, optical error sensors, and
power supplies for an orbiting astronomical observatory; the
defining of the dynamic instability of the Mercury capsule;
problems of space vehicles m particularly reentry; high
speed aerodynamics especially in supersonic and hypersonic
speed ranges; VTOL and STOL aircraft; missile and supersonic
bomber (B-70) problems; and impact studies.

3. The Lewis Research Center. Cleveland, Ohio, is
responsible for research, both basic an6 applied, primarily

in the areas of aeronautical and space propulsion, including

electric and nuclear propulsion systems. It is responsible

for operating the Plum Brook research reactor facility at
Sandusky, Ohio, and for nuclear and rocket systems research.

The center is also engaged in research activities relating to

high temperature materials and rocket fuels.

Accomplishments of Lewis during the period of

this report included developing a nickel-base, high-temperature

alloy superior for some applications to other available alloys,
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developing and demonstrating an experimental ion-rocket en-

gine, fabricating the instrumented pressurized portion of the

"Big Joe" Mercury capsule, and modifying an existing high-
altitude facility for laboratory evaluation of Mercury sys-

tems in a simulated space environment.

_. The Fli6ht Research Center r Edwards_ Calif., was

formerly called the High Speed Flight Station. It is primar-

ily responsiblefor aircraft flight research involving prob-
lems of stability and control, handling qualities, performance,

loads, propulsion aerodynamics, and aerodynamic heating. The
center is responsible for the operation and testing of the

X-15 research airplane which made its first powered flight on

September 17. The center's contribution to Project Mercury

included an investigation of human capability for controlling

multi-staged rocket-boosted vehicles under the acceleration

stress of launching, and drogue parachute tests.

Space Flight Development Installations -- In addition to
its exlsting research centers, NASA has established four field

installations whose work relates primarily to space flight and

space sciences and its applications.

1. The Goddard Space Flight Center_ Greenbelt_ Md., is
the first major installation in the _nited States devoted en-

tirely to the investigation and exploration of space. In ad-

dition to modern laboratories, buildings, equipment, and sup-

porting facilities being constructed at Greenbelt, the Center

has launching and operational facilities at the Atlantic Mis-

sile Range, Cape Canaveral, Fla.; the Pacific Missile Range,

Point Arguello, Calif.; Wallops Station, Wallops Island, Va.;

and Fort Churchill, Canada. It also operates the world-wide
network of Minitrack stations. The center's three areas of

research and development are: (a) manned satellites such as
Project Mercury; (b) space sciences and satellite applica-

tions such as investigating rocket astronomy, ionospheres,

payload systems, and tracking and data systems; and (c) boos-

ter development such as the Delta launching vehicle. Goddard

has the bulk of responsibility for earth satellite programs

and Project Mercury. Among activities it managed during the

report period were the Pioneer VI and Vanguard III experi-
ments.

2. The Jet Propulsion Laboratory (JPL) n Pasadena a Calif.,
is a Government,owned facility operated under contract by the

California Institute of Technology. About half of JPL's total

work is for the Army and Air Force._ JPL concentrates its

efforts in civilian space technology on research and develop-

ment in lunar and interplanetary programs. During the report

During the reporting period, JPL was at work on the Ser-

geant, an Army solid fuel missile, and was engaged in wind

tunnel research for the Army and Air Force.
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period, it provided technical direction and contract monitor-

ing for NASA's deep space tracking network, began construction

of transmission facilities for its Goldstone, Calif., deep

space receiving station, and conducted research and develop-

ment in the fields of physics, gas dynamics, propulsion,

materials, and electronics.

3. Wallops Station_ Wallops Island_ Va., is a facility
for ground-launched rocket-propelled airplanes, missiles, and

spacecraft instrumented to transmit information on flight
characteristics to ground telemetering stations which analyze

the information. Water landing, parachute deployment, escape

system, reentry heating and ionospheric tests are conducted

at the station. Among activities carried out at the station

during the last six months were Mercury escape system tests;

four and six-stage rocket launchings; and sounding rocket
launchings (including two with sodium flares). "Little Joe"

Mercury tests are conducted at Wallops Station.

4. The Atlantic Missile Range Operations Office_ Cape
Canaveral, Fla., is maintained to coordinate the schedule and

use of test and range facilities at AMR for NASA programs.

Western Operation s Office L Santa Monica_ Calif. -- The
Western Operations Office provides'administrative and manage-

ment support for the rapidly expanding NASA research and de-

velopment activities west of Denver, Colo. In addition, it

provides liaison with industry, scientific institutions, and
universities in the Far West.

Significant Organizational..Changes_

Associate Administrator Appointed -- Richard E. Horner
was appointed Associate Administrator of NASA on June l, 1959.
The Associate Administrator assists the Administrator and the

Deputy Administrator in the over-all management of NASA oper-

ations by directing and coordinating the activities of the

Office of Space Flight Development, Office of Aeronautical

and Space Research, and Office of Business Administration.

Western O_erations Office Established -- The Western
Operations'Offlce was established Oh August 25, 1959, after

a reorganization and expansion of the functions of NASA's
Western Coordination Office. Administrative and management

functions were added to the liaison function previously per-
formed by the Western Coordination Office.

In October1959, the President announced his intention to

transfer the Development Operations Division, Army Ballistic

Missiles Agency, Huntsville, Alabama, to NASA. The Presi-

dent's transfer plan will be forwarded to Congress in Janu-

ary.
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High Speed Test Fli_ht Operations Consolidated N During
September, NASA took actlon to consolidate high-speed test-
flight operations performed by the Langley, Lewis, and Ames

Research Centers, and by the High Speed Flight Station.

Chief reason for the realignment is economy resulting from

centralization. The High Speed Flight Station, Edwards,

Calif., was chosen as the center for such work because of
its natural lake bed and relative remoteness from both built-

up areas and congested airlanes. The station was later re-

named Flight Research Center.

Beltsville Center Renamed -- The Beltsville Space Flight

Center was renamed Goddard Space Flight Center in honor of

the late rocket pioneer Dr. Robert H. Goddard. The Center was

assigned a Greenbelt, Md., address.

Pilotless Aircraft Research Station Renamed -- The Pilot-

less Aircraft Research Station, Wallops Island, Va., was re-

named Wallops Station.

PERSONNEL

Personnel Strength

On September 30, 1959, NASA had 9,348 civilian staff

members as compared to 8,685 on March 31, 1959. Staffing

plans call for a total NASA civilian strength of 9,988 by

July 1960._ The increased number of personnel are required

largely for support of the manned space program which begins

with Project Mercury. Distribution of personnel between var-

ious organization elements is shown in Table 1 below.

Functional Description of Staffing

Of the 9,348 personnel, 27-1/2 percent were research

scientists, 8 percent support personnel such as mathemati-

cians and engineers, 8.8 percent technicians; 39.7 percent

skilled, semi-skilled, and unskilled laborers; and 16 per-

cent professional, administrative, and clerical personnel.
In addition 2600 employees of the Jet Propulsion Laboratory,

California Institute of Technology, are under contract to
NASA. General Schedule (GS) employees totaled 5,431; Wage

Board (WB), 3_713; and Excepted, Statutory, When-Actually-
Employed (WAE) and Alien, 204. NASA employed ll alien

scientists on September 30. The Civil Service Commission

has authorized hiring of 50.

This figure does not include the personnel of the Develop-

ment Operations Division.
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Professional Activity

During the period March-September 1959, NASA scientists

presented numerous reports on aeronautical and space sciences

and applications at meetings of scientific and technical

societies and contributed numerous articles to professional

and scientific journals. In addition, they submitted a total

of 76 descriptions of inventions to Headquarters (compared to

21 in the period Sept. 1958-March 1959, for patent applica-
tions.

Recruiting

Recruiting efforts encompassed the nation and included

such measures as visits to universities,_ classified ads in

newspapers and scientific journals, preparation of an article

entitled "NASA Careers -- A Study in Space and Aeronautical

Sciences" for the "College Placement Journal," and publication

of two recruiting pamphlets -- "Careers in Space" which de-

scribed employment opportunities at Goddard Space Flight Cen-

ter and "Career Countdown" which encouraged scientists to ap-
ply for employment at the various NASA research centers.

RELATIONS WITH OTHER GOVERNMENT ORGANIZATIONS

Civilian Space Technology a Part of Broad National Program

Civilian space technology is an integral part of the

overall scientific and technological revolution which is the
keystone of the age we live in. Because the realm of civil-

ian space technology is so overwhelmingly interwoven with

other technologies and with military and political consider-

ations, NASA must work with a number of other organizations.

Coordinatin_ Groups

National Aeronautics and Space Council -- The Adminis-
trator of NASA participates in the meetings of this council
which is chaired by the President of the United States. Its

statutory membership and functions are described in Section

201 of Public Law 85-568, the National Aeronautics and Space

Act of 1958. (See Appendix A.)

Civilian-Military Liaison Committee -- Established by

the Act, this committee serves as a channel for exchange of
information between NASA and the Department of Defense.

NASA recruiting teams visit over 120 colleges and univer-
sities throughout the United States to talk to individuals

who will be ready for employment in the near future.
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Government Agencies

Names of agencies and fields in which activities are co-

ordinated are given below.

Atomic Energy Commission -- Developing nuclear power

plants for space vehicles.

Civil Aeronautics Board -- Technical advice and accident

investigation.

Department of Commerce (including Coast and Geodetic

Survey, National Bureau of Standards z and Weather Bureau} --
Industrial research and development; geophysical measure-

ments and investigations; and research in atmosphere circula-

tion, solar interaction, and other atmospheric phenomena.

Department of Defense -- Major activities relating to the
space program have been transferred from the Department of

Defense to NASA since October l, 1958. In addition to those

activities transferred during the prior semiannual period,

the CENTAUR and the Tiros Meteorological Satellite projects

were transferred during this period. Defense and NASA worked

together to effect the smooth transition of these activities

from DOD to NASA. Also, NASA and the Department of Defense

have been coordinating development of a national tracking

program, a national space vehicle program, and military air-
craft and missiles.

Department of State -- International scientific rela-
tions, including the granting of sites for Minitrack instal-

lations and installations for monitoring the Mercury capsule.

Federal Aviation Agency -- Aeronautical development.

Federal Communications Commission -- Assignment of radio

frequencies for monitoring _nd tracking satellites.

National Academy of Sciences and the Space Science Board

of the National Research Council -- NASA participation in the
International Geophysical Year {IGY). The Academy provides

NASA with the results of research arising from its research

grants, chiefly to university scientists and engineers. NASA

assists the researchers by providing full-scale facilities

for applying the results of research. The Space Science

Board assists in providing working relations between space
science activities and other scientific ac_!vitles of the

Federal Government. The board also assists in developing in-

ternational space and science cooperation.

National Science Foundation (NSF) -- Aeronautical and

space sciences research. Pr_ary program coordination is by

the Director, NSF, and the NASA Administrator through the
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National Aeronautics and Space Council of which both are

members. Technical coordination is through the Space Science

Board which is jointly supported by NSF and NASA. Coordina-

tion at the working level is by the headquarters staffs of
NSF and NASA.

Office of Civil and Defense Mobilization -- Development

of plans for essential operation in case of war.

Smithsonian Institution N Optical satellite tracking.

United States Coast Guard (Treasury De2artment) -- Aero-
nautics and flight safety.

United States Information A6ency -- Distribution of
scientific information abroad.
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CHAPTER 19

OTHER ACTIYITIES

PROCUREMENT AND CONTRACTING

Decentralization and Aid to Small Business

Salient feature of the NASA procurement and contracting

organization is a system of decentralized operation under

central policy direction and review by NASA headquarters.
With the exception of grants and contracts for basic and

applied research (see Research Grants and Contracts) which
are made at Headquarters, the great bulk of contracts are

awarded and administered by the NASA field installation

responsible for technical direction and supervision of the

project. The Headquarters procurement staff is primarily

responsible for planning, developing, and issuing procure-
ment regulations and procedures, reviewing and approving

major contracts, and assuring compliance with NASA policies

and regulations.

NASA Procurement and Contracting Authority and Regulations

NASA purchases and contracts are made under authority
of the National Aeronautics and Space Act of 1958 and in

accordance with Title lO, Chapter 137, of the United States

Code. As NASA and the Department of Defense are governed by

the same procurement statute and to a considerable extent
deal with the same segment of industry, NASA's policy is to

prescribe, when practicable, procurement regulations that

are consistent with policies and procedures contained in the
Armed Services Procurement Regulations (ASPR).

Procurement Regulations Being Published

In accordance with an agreement between NASA and the

General Services Administration, the NASA Procurement Regu-

lations are being published in Chapter 18, Title 41, of the
U.S. Code. Regulations promulgated include: administrative

requirements in reviewing and approving contracts; proce-
dures in negotiating and awarding contracts for research and

development; administration of patent provisions included
in NASA contracts; small business policy and program; estab-

lishment of a Board of Contract Appeals, and procedures for

adjudicating appeals from contractors; and procedures for

judging contractor claims for extraordinary equitable relief.
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Both Advertisin_ and Negotiations Used in Contracting

NASA usually procures supplies, equipment, services, and

construction through formal advertisement for competitive
bids and awards of fixed-price contracts to lowest bidders.

It usually negotiates contracts for research and development

because definitive specifications for research and develop-
ment work can seldom be developed. Even in negotiation,

NASA policy is to encourage widest possible competition by

asking all qualified firms to submit detailed proposals

describing their technical programs and presenting cost
data.

Small Business Program

The Administrator has declared that it is in the inter-

est of the civilian space program that the number of firms

engaged in research and development work for NASA be expanded
and that there be an increase in the extent of participation

in such work by competent small business firms. Procurement

instructions have been issued requiring that all proposed

purchases and contracts in excess of $2500 be screened by

small business specialists at each major purchasing office

prior to issuance of bid invitations or requests for pro-

posals, to determine suitability for small business partic-

ipation or set-aside. NASA contracting officers and small

business specialists examine the larger R&D procurements to
determine possible subcontracting opportunities for small

business firms. Between April 1 and September 30, 1959,

about $16,187,OOO in purchase orders and contracts went to
small business firms -- approximately 35 percent of total

obligations arising from purchases and contracts awarded to

business firms directly by NASA.

Procurement Agreements with Other A_encies

Many NASA research and development contracts are carried

out by firms that also hold military contracts. To avoid

duplication of effort, and to use most effectively the
resources of NASA and the Department of Defense, formal work-

ing arrangements in contract administration have been estab-
lished between NASA and the military departments. Among

other things, these agreements provide that the military

department with plant jurisdiction over the particular con-

tractor involved will, upon request, provide NASA with con-

tract administration, audit, and other field services as

required.

Major Procurement Contracts

Major procurement contracts awarded during the report

period were for Delta, Vega, and the Mercury tracking network.
These and other principal active contracts are listed in

Appendix M.
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Delta -- In April 1959, NASA awarded a $24 million con-

tract to Douglas Aircraft Company, Inc., Los Angeles, Calif.,

for design, construction, testing, and launching of Delta.

The contract calls for delivery of a dozen vehicles during

the two years from date of signing.

Ve_a -- NASA awarded a $33.5 million contract to the

Convair Astronautics Division of General Dynamics Corporation,
Pomona, Calif., for this booster vehicle in May 1959.

Mercury Tracking Network -- In July 1959, NASA awarded

a letter contract to Western Electric Corporation, New York,

N. Y., for construction of world-wide tracking and ground-

instrumentation stations to be used in Project Mercury.

{For details, see Trackin_ and Dat a Systems.)

Research Grants and Contracts

NASA is working on some of the most advanced frontiers

of science. Universities and other research organizations

are encouraged to contribute to NASA programs.

The Research Grants and Contracts Program encompasses

all NASA-sponsored research within educational and other non-

profit institutions and basic research in industrial organi-

zations. Research is both supportin_ -- for example, problems

of manned space flight, space propulsion technology, investi-

gations of satellite applications, and investigation of the

space environment, and fundamental -- for example, theoretical

or experimental physical sc_'ences, the cosmological sciences,

life sciences, engineering sciences, and socio-economic
studies.

Research grants and contracts are based on proposals,

generally unsolicited, submitted by organizations desiring

to enter the program. Research grants are made only to

universities or nonprofit institutions. Research contracts

are negotiated with universities, nonprofit institutions, and

industrial organizations.

NASA awarded 51 research grants and contracts totalling

$_,385,196 during the report period. Research grants and

contracts in effect during the period are shown in Appendix L.
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TABLE 4

Financial Statement as of September 30, 1959

Appropriations and Transfers for the Fiscal Years 1959 and 1960

Salaries and Research and Construction

expenses development and equipment

Approved, Fiscal Year 1959:

Appropriations to National Advisory Commit-

tee for Aeronautics: Independent Offices

Appropriation Act, 1959; Public Law 85-844

Appropriations to National Aeronautics and

Space Administration: Supplemental Ap-

propriation Act, 1959; Public Law 85-766..

Second Supplemental Appropriation Act,

1959; Public Law 86-30 ....................

Transfers from the Department of Defense

(72 Stat. 433) ............................

Total appropriations and transfers,

fiscal year 1959 ...................

Approved m Fiscal Year 1960:

Appropriations to National Aeronautics and

Space Administration: Supplemental Ap-
propriation Act, 1960; Public Law 86-213..

$78,100,O00

5,O00,000

3,186,300

86,286,300

$91.400.000

$50,000,000

154,619,532

204,619,532

$335,350,000

Status of 1959 Funds as of September 30, 1959

Allotments

Salaries and expenses ...................... $86.286.300

Research and development:
Aeronautical and space research ........ $12,282,151

Scientific investigations in space ..... 73,781,148

Satellite applications ................. 4,589,000

Manned space flight .................... 48,294,233

Vehicle systems technology ............. 1,310,O00

Space propulsion technology ............ 20,449,000

Vehicle development .................... 40,766,000

Supporting activities .................. 3,148,000

Total research and development ....... 204,619,532

Construction and equipment ................. $48,O00.OOO

Obligations

$85.491.719

$12,142,034

72,900,459

4,000,329

47,277,712

810,000

18,006,306

40,380,322

3,072,487

198,589,649

$25,024,275

Status of 1960 Funds as of September

Allotments

Salaries and expenses ...................... $91,400,000

Research and development:

Aeronautical and space research ........

Scientific investigations in space .....
Satellite applications .................

Manned space flight ....................

Vehicle systems technology .............

Space propulsion technology ............

Vehicle development ....................

Supporting activities ..................

Bureau of the Budget reserve ...........

Total research and development .......

$27,551,000

47,820,000

10,850,O00

90,I16,O00

8,587,000

45,287,000

86,900,000

14,709,O00

3,530,000

335,3501000

Construction and equipment ................. $73,825,000

30, 1959

Obligations

$20,898,622

$5,238,557

12,487,795

1,792,870

4,074,000

252,000

86,150

16,575,OO0

5,057,074

45,563,446

$4.001.800

$23,O00,000

25,000,000

48,000,000

$73,825,000

Expenditures

$83.532.931

$9,588,589

30,412,742

793,982

17,448,486

ii,221,686

6,967,732

1,830,311

78,263,528

$5.987.701

Expenditures

$13,778,210

$775,851

55,458

7,486

30

458,586

1,297,411
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PATENTS

Patent Provisions Cited in Act

NASA's rights to inventions made by contractors in the

performance of NASA contracts are delineated in Section 305

of the National Aeronautics and Space Act of 1958. That

section provides that inventions made in the performance of

work under NASA contracts shall be the exclusive property of
the United States whenever the Administrator makes certain

statutory determinations concernin_ the conditions under

which the invention was made, unless the Administrator,

under regulations prescribed by him, waives all or any part

of the rights of the United States to such inventions.

Patent Regulations Published

NASA's procurement patent regulations were published in

the Federal Register of May 5, 1959 (24 F.R. 3574-3579).

They contain the patent clauses which must be used in NASA
contracts and rules and instructions for their use.

Establishment of Patent Counsel at Research Centers

Langley Research Center, Hampton, Va., and Lewis

Research Center, Cleveland, Ohio, now provide counsel to

prepare patent applications and to advise on matters per-
taining to patents and inventions. The counsel is under the

administrative jurisdiction of the research center directors

but is responsible for professional performance to the General

Counsel, NASA Headquarters, Washington, D. C.

Before NASA was established, the Department of the Navy

prepared and processed applications for patents on inventions

of NACA personnel at _the Lewis and Langley Research Centers.

Waiver Regulations Revised

NASA patent waiver regulations were first published in

the Federal Register, March 5, 1959 (24 F.R. 164_-16_9). On

May 18, 1959, thirty-five representatives of industry and

Government attended a public hearing on the regulations.

Waiver regulations were reviewed and revised. Final waiver

regulations are scheduled to be published in the Federal

Register late in October. The waiver regulations set forth

the policy concerning the granting of waivers and the pro-

cedure by which contractors may request the Administrator to

waive rights in inventions made under NASA contracts.

Review of Patent Applications

Section 305(c) of the National Aeronautics and Space

Act provides for review by the Administrator of patent
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applications having significant utility in aeronautical and

space activities. Under section 305(d) and (e) the Admin-
istrator has the prerogative of requesting that any patent

having such significance be issued to him on behalf of the

United States. During the period, the Commissioner of
Patents transmitted to NASA 644 copies of patent applications

under the foregoing provisions. Review of these applications
indicated that none involved inventions made under NASA con-

tracts, and the Administrator advised the Commissioner of
Patents that he would not request that any of these patents

be issued to him. This experience disclosed that many of the

patent applications transmitted to the Administrator were

obviously unsuitable for NASA. Administrative arrangements
made with the Commissioner of Patents have reduced the number

of applications transmitted to NASA.

Patent Infringement

Section 203(b)(3) of the National Aeronautics and Space

Act authorizes NASA to acquire by purchase or lease such

interest in patents as it deems necessary. Of three patent

infringement claims received during this report period, NASA

is investigating one and negotiating settlement of another.
A third claim has been withdrawn.

Waiver of Rights in a Contractor's Inventions Is Granted

The first petition for waiver of rights to inventions
made under a NASA contract was received in July from a con-

tractor under a contract originated by the Air Force and
transferred to NASA. The contractor's request for waiver of

rights in forty inventions listed in his petition was granted.

NASA Authorizes _0 Employee Patent Applications

Of the 76 inventions disclosed by employees to the

Office of the Assistant General Counsel for Patents during

the period, 30 patent applications were authorized. As of

September 30, the Office had prepared 12 patent applications.

Contributions Awards

Section 306 of the National Aeronautics and Space Act

of 1958 provides for the granting of monetary awards for
scientific and technical contributions having significant

value in the conduct of aeronautical and space activities.
The Inventions and Contributions Board established under

the provision of Section 305 of the Act, in addition to its

duties relating to the waiver of rights in inventions,
reviews and evaluates scientific and technical contributions

proposed to the Administration and recommends to the Admin-

istrator the granting of awards when appropriate.
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During the reporting period, 521 proposed contributions
were evaluated.

CONSTRUCTION

Rapid advances in aeronautical and space technology

have brought modification and expansion of laboratory facil-

ities to meet research and development requirements. NASA

construction expenditures from April 1 through September 30,
1959, totaled $16,795,292. Of this, the bulk was for new

research and development facilities. NASA construction

activities, as of September 30, included:

Goddard Space Flight Center.

Status of major construction is as follows:

Facility

Space Projects Building

Percent Complete

5O

Research Project Laboratory 28

Central Flight Control & Range

Operations Building

When completed, the Space Projects Building will have a

gross area of 59,000 square feet, of which 35,000 square feet

will be usable floor space. The Research Projects Building

will have a gross area of 73,000 square feet and &l,O00 square

feet of net usable area. Flight Control and Range Operations

Building will have a gross area of 103,O00 square feet and
net usable area of 66,000 square feet. The differences

between gross and net are areas used for lobbies, corridors,
service enclosures, and fan lofts, and other mechanical

equipment devoted to building operation.

Jet Propulsion Laboratory (JPL).

In addition to a number of projects for the expansion

and modernization of existing facilities, JPL has constructed
a charged-particle accelerator to simulate effects of inter-

planetary plasmas, and a low-density gas dynamics facility

to study ionization, reaction kinetics, plasmas, and atmos-
pheres similar to those believed to exist on Mars and Venus.

Langley Research Center.

In addition to a number of modifications of existing

facilities, the center was purchasing new high-speed elec-

tronic analytical and computing equipment to increase the

scope and effectiveness of existing programs.

- 151 -



Planned or in progress during the period were con-

struction of a new high-temperature structural dynamics

facility, tracking facilities, and a llO-kv cable tie to
meet increased demands on the electrical system.

Wallops Station.

Facilities were being expanded to handle larger rocket

launchings and otherwise to contribute to greatly expanded

space science needs. The nature of the terrain makes beach
erosion on the island a major problem, and control projects

were under way.

Lewis Research Center.

A number of laboratories for testing missiles and

rockets were being constructed. Among these were facilities

for testing high-energy rocket engines, hypersonic missiles

propulsion, electric rockets, and turbopumps. Existing

facilities were being modified.

Ames Research Center.

Ames was constructing two major facilities: one for

mass transfer cooling and the other a 12xl2-inch _ypervelocity
helium wind tunnel.

Flight Research Center.

Facilities were being constructed for terminal guidance,

computing, and testing for the 1.5-million-pound single-

chamber rocket engine. Modifications of existing buildings
to house these facilities were under way.

Atlantic Missile Range.

Launching facilities for the Saturn and other advanced

space vehicles were under construction. Modifications of
other facilities to meet current payload requirements were

in progress. Modifications of a building to house the instru-

ments for the Mercury control center were begun.

Various Locations.

Mercury Tracking Network -- Surveys had been completed
for station sites in all but one foreign nation, and pre-

liminary engineering plans have been developed for five

stations. Site preparation was in progress in Bermuda and
Canton Island.

Minitrack Network -- Procurement of equipment for the

frequency changeover from 108 mc to 136 mc was underway.

Work had started on the four new stations to be completed in

calendar year 1960.
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Deep Space Network -- Expansion of the Goldstone, Calif.,

tracking station, from a receiving to a two-way station, was

in progress. Construction of antenna equipment and buildings

had started. When completed, the Goldstone facility will

include an 85-foot diameter tracking antenna and 960-mega-

cycle receiver and an 85-foot diameter transmitting antenna

and a IO-kilowatt transmitter which can operate from 890

mc. to 3,000 mc. The transmitter is being built at a site

seven airline miles from the receiver. First anticipated
use of the Goldstone transmitter-receiver station is as

part of Project Echo, to study the feasibility of passive
communications satellites.

Examples of New Research Facilities Completed

Typical of the space age facilities completed or being

constructed at NASA installations are the following:

Plum Brook Pilot Turbopump Facility -- When completed,
the Pilot Turbopump Facility, operated by Lewis Research

Center, will comprise a hydrogen pump building, a hydrogen

turbine building, a gas generator facility, and a contract

building containing data acquisition systems for the other

buildings. Already in limited operation, the facility is

used to obtain information about performance of turbines in

gaseous hydrogen, nitrogen and air and of pumps in liquid

hydrogen and nitrogen. It is large enough to obtain results

that may be applied not only in designing turbopumps for

chemical rocket motors but also in designing facilities to
study turbopumps for nuclear-powered vehicles having extremely

high rates of propellant flow.

In the control building are two large tanks, one con-

taining the data acquisition systems and the other contain-

ing the controls and other instrumentation needed for con-

ducting tests at the facility. The turbine building houses

a research turbine driving a dynamometer. Hydrogen is sup-

plied to the turbine from portable, high-pressure tanks.

The turbine may also be powered by either a gaseous-nitrogen
or high-pressure air system. Control and turbine buildings

were in full operation when this report period began.

The pump building houses a cryogenic pump test rig,

driven by an air turbine. Six thousand-gallon storage

vessels for liquid hydrogen beside the building provide

either a closed-loop test system or an open-end system,

pumping from an inlet to a receiver tank. Other equipment,

such as oxygen tanks and gas-generator equipment, is moved

into the area on trucks. The pump building became fully

operational in September 1959. Work has begun on a gas-

generator facility, scheduled for completion in March 1960.
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Scheduled projects include tests of: l) a series of

single-stage axial-flow hydrogen pumps; 2) a series of

single-stage turbines operated with gaseous nitrogen and

hydrogen; 3) a high-pressure-hydrogen centrifugal pump
model of the type to be used in a hydrogen-oxygen booster

vehicle; 4) a bleed turbine model of a hydrogen-oxygen

booster; and 5) a gas-generator for a hydrogen-oxygen

booster •

Langley Hypersonic Physics Test Group -- The Langley

Research Center hypersonic test area is employed largely
for studies of materials and their capabilities of with-

standing high temperatures and other environmental factors.
Much effort is devoted to the design of space vehicles• Of

urgent concern in development of space vehicles are the
effects of micrometeor impacts, of radiation, and of extreme

temperatures on the strength and permanence of materials.
The area is also utilized for rocketry investigations. Main

facilities are:

• 500-kw, DC Arc-Jet Test Tunnel can provide air
temperatures up to about 10,O00°F. Placed in full

operation in August 1959, it has been used princi-

pally to develop design and working techniques for
the 2000-kw, DC Arc-Jet Test Tunnel scheduled for

completion in December 1960. Studies have been
directed toward determining satisfactory materials

for electrodes, nozzle, and other equipment and

optimum spacecraft design; and developing operational

techniques for maintaining arc stability• As the
20OO-kw tunnel construction advances, the smaller

jet tunnel will be phased into other types of high-

temperature research.

• Chemical Physics Laboratory includes a furnace to
permit tests at temperatures as high as 5000°F. and

equipment for studying kinetics and surface phenomena
such as ablation• The laboratory started full-scale

operation in June 1959.

• Impact and Projectile Range is devoted to study of
the effects of micrometeoroid impacts on materials

for use in space vehicles and payloads• It includes

a test chamber i00 feet long in which pressures

between two atmospheres and a low vacuum can be

attained. Means are provided to speed simulated

micrometeoroids to impact velocities of more than

20,000 feet per second. Now in partial use, the

range should be in full operation by January 1960.

A group of facilities for studying rocket-engine

ignition systems, destruct systems, and other
devices required for the research programs. The

- 154-



group, which went into full operation in June 1959,
includes:

(a) Propellant Processing Laboratory which can
make up, cast, and cure fuel batches weighing

up to 125 pounds.

(b) Rocket Assembly Building which contains, among

other equipment, special lathes to machine the

propellant grain.

(c) Rocket Test Unit which consists of two test

cells (one for solid-fuel rockets and one for

liquid-fuel rockets) that provide thrusts as

high as 60,000 pounds.

Lewis Electric Rocket Research Facility -- Facilities
for electric rocket research must simulate conditions exist-

ing in space, particularly very low pressures. An electric-
rocket test facility consisting of four cylindrical tanks is

being installed. The first was successfully operated in
June 1959 when an ion engine prototype was test run. Vacuum

pumps, connected to the bottom of the tank, evacuated air that
came ih from unavoidable minute leaks and kept the interior

pressure at about one millionth of atmospheric pressure when
the ion rocket was not operating. The tank interior was
maintained at about-- of atmospheric pressure

during ion engine operation.

Since vacuum pumps cannot fully remove electric-rocket

exhaust gases, special means were devised to maintain _ne
vacuum during operation. These consist essentially of pro-

viding a large, very-low-temperature surface area on which

the gases are frozen. After operations cease, the tempera-

ture rises, and the gas vaporizes and is pumped out.

The vacuum-tube power supplies are capable of supplying

voltages up to 40 kv and currents up to one ampere, enough
to test ion rockets with as much as 0.I pound of thrust.

A second tank facility, similar to the first, was given

its final checkout in September. Most power equipment to

operate ion rockets inside the tank had been received by

September 30. Installation of the two remaining tanks is
scheduled for October and November 1959. Three of the tanks

are about five feet in diameter and 16 feet long. The fourth

is about three and one-half feet in diameter and seven feet

long. In addition to testing small-scale ion engines and
their components, scientists will use this facility to
obtain additional data needed in designing large facilities

for research on full-scale electric rockets.

- 155 -



INFORMATION

Policy

Information policy of the National Aeronautics and

Space Administration is delineated in Public Law 85-568 as

follows: "The Administration, in order to carry out the

purpose of this act shall .... provide for the widest practi-

cable and appropriate dissemination of information concern-

ing its activities and the results thereof." NASA accom-

plishes this objective by a broad technical and public

information program.

Technical Information

NASA disseminates its technical information through:

l) talks by its scientists before professional societies,

2) articles and reports in scientific and technical journals,

and 3) NASA technical publications which are available to

organizations and individuals in the aeronautical, space,

and other scientific fields. In addition, unclassified

NASA publications may be purchased by the general public.

Technical Publications -- NASA technical publications
include:

I. Technical Reports -- Unclassified presentations
that completely cover a project or investigations and are

of apparent permanent reference value.

2. Technical Notes -- Unclassified presentations that

cover completed phases of projects or investigations and

other presentations that have transitory value.

3. Technical Translations -- Significant foreign

language technical documents that have been translated into

English for the use of NASA's technical staff and for

general distribution.

$. Technical Memorandums -- Publications containing
security-classified and other information necessitating
controlled distribution.

Publications Distribution -- During the report period,

NASA distributed 195 unclassified technical publications

and 135 security classified publications to authorized

addressees on appropriate mailing lists. In addition,

NASA handled 14,360 letters requesting specific publications.

Announcements List Available Publications -- New NASA

publications, newly-declassified NASA publications, and
British and AGARD (NATO Advanced Group for Aeronautics

Research and Development) documents for which NASA is
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depository and distributor are listed in NASA "Technical
Publications Announcements" issued at intervals of two to
four weeks. The announcements are distributed to private
industry, Government agencies, libraries, an_ universities.

NASA Library Holdings Increase -- Widening technical

activity and consequent need for additional technical

reference material have increased NASA acquisition of books

periodicals, and reports for its Headquarters Library. The

library is open to the public.

Financial Support for Non-NASA Bibliographic Projects --
NASA provides financial support for the "Monthly Index of

Russian Accessions", prepared by the Library of Congress,

for the "Abstracts of Aviation Medicine," prepared under the

direction of the Aero-Space Medical Association, and for

several other non-NASA bibliographies with aerospace impli-
cations.

NASA Issues Index of NACA Technical Publications --

National Advisory Committee for Aeronautics technical pub-

lications, issued or made available through declassifications

during the 15 months preceding the establishment of NASA, are

listed in a subject Index produced by NASA in July. The Index

was distributed through the NASA technical publications mail-

ing lists. Additional copies are available upon request from
the Office of Technical Information.

ASTIA Services Provided NASA Contractors -- NASA has

completed arrangements to provide its contractors with the
same technical information services that are furnished to

Department of Defense contractors by the Armed Services
Technical Information Agency {ASTIA}. Copies of all NASA

technical publications go to ASTIA for announcement purposes.

DOD contractors may secure NASA publications direct from
NASA or ASTIA.

Public Information

Press Releases and Conferences -- NASA regularly pre-

pared and issued news releases, fact sheets, photographs,

and film clips on its current activities. During major space

experiments, NASA maintained a 24-hour information service

for newspaper, wire service, magazine, television, radio,

and newsreel media and arranged press conferences at which

officials and scientists explained the experiments. Between

April 1 and September 30, 1959, press conferences were held

on the Jupiter Biomedical Experiment, the Mercury Astronaut

Team, the Astronaut Program, the launching of Explorer VI,

the image of the earth's surface and cloud cover radioed back

by Explorer VI, and Vanguard III. The Vanguard III press

conference consisted of a panel discussion by scientists from
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NASA, the Naval Research Laboratory, and the International
Geophysical Year team, followed by questions from the floor.

Publications and Speeches -- Information about NASA

and space activities disseminated through press releases

and conferences was supplemented by NASA publications and

by speeches of NASA officials. Booklets prepared and

published by NASA between April 1 and September 30, 1959

included "The Challenge of Space," "Space, the New Frontier,"
an aid to recruitment of scientists titled "Careers in

Space," two aids to contractors titled "Patents and Progress"

and "Selling to NASA -- A Guide to Procurement," a periodically

revised space probe and satellite statistical chart, "High-

lights of NASA's First Year (October l, 1958 - September 30,

1959)," "The NASA Space Sciences Program," and "The National

Aeronautics and Space Administration First Semiannual Report

to the Congress -- October l, 1958 - March 31, 1959." NASA

scientists and administrative officials presented many talks

before professional, technical, and civic groups and contri-

buted technical and non-technical articles to periodicals,

newspapers, and yearbooks.

Motion Pictures -- NASA completed two films -- "United

States Space Explorations, 1958" and "Time and Space" --

during the reporting period. "Time and Space," an extreme-

ly popular film about Pioneer IV, the Nation's first arti-

ficial planetoid, had been seen by an estimated 17 million

people by September 30. It has been shown on a TV network,

at the Venice Film Festival, and at meetings of civic, bus-

iness, and scientific societies. For having achieved the

honor of selection for showing at the Venice Film Festival,

"Time and Space" was awarded the coveted "Certificate of

Participation."

Research Center Tours -- NASA arranged many tours of

its research centers for the press, scientists, industrial

representatives, and visiting scientists and officials from

other countries. In this way, first-hand information was
presented about U.S. civilian-oriented aeronautical and

space activities. A particularly effective tour was that
of the 63 news media representatives who toured Langley Re-

search Center, on July 7. They visited areas of Langley

engaged in the Mercury program and were briefed on the pro-

gram by engineers of the Space Task Group.

Langley Inspection Plans -- NASA is continuing the

practice of annual inspections of its work-in-progress which

its predecessor, the National Advisory Committee for Aero-

nautics, inaugurated. By the close of the report period,

NASA had completed arrangements for the first inspection

wholly prepared under NASA auspices, to be held at Langley
Research Center.
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APPENDIX A

PUBLIC LAW 85-568

85th Con8ress , H. R. 12575

July 29, 1958

AN ACT

To provide for research into problems of flight within and outside the earth's
atmosphere, and for other purpose_

Be it enacted by the Senate and House of Retrrese_t_ves of the
Unlt_ Etates of Ameriva in Congress assembled,

TITLE I--SHORT TITLE, DECLARATION OF POLICY, AND
DEFINITIONS

Nat;torJ3.
Aeromuttel
and Spaoe
Ae% of 1958.

SHORT

S_c. 101. This Act may be cited as the "National Aeronautics and
Space Act of 1958".

DECLARATION OF POLICY AND PURIN_E

S_c. 10'2. (a) The Con .gr_s. hereby declares that it is the policy of
the United States that activities in space should be devoted to peaceful
purposes for the benefit of all mankind.

(b) The Congress declares that the general welfare and security of
the United States require that adequate provision be made for aero-
nautical and space activities. The Congress further declares that
such activities shall be the responsibility of, and shall be directed by,
a. civilian agency exercisi_, control over aeronautical and space_ac-
tivities .spon_. red by _e Uni..ted States, except that. activities peculiar
to or prlmsrfly associated with the development of weapons systems,
military operations, or the defense of the United States (inclu "ding
the research and development necessary to make effective l)rovision for
the defense of the United States) shall be the responsibility of, and
shall bs dil_cted by, the Department of Defense; and that determina-
tion as to which such agency has responsibilitv for and direction of
any such activity shah be made by the President in conformity with
section 201 (_),

(c) The aeronautical and space activities of the United States shall
be conducted so as to contribute materially to one or more of the
following objectives:

(1) The expansion of human knowledge of phenomena in the
atmosphere and space;

(2) The improvement of the usefulness, performance, speed,
safety, and efficiency of aeronautical and space vehicles;

(3). The development and operation of-vehicles capable of
carrying instruments, equipment, supplies, and living organisms
through space;

(4) The establishment of long-range studies of the potential
benefits to be gained from, the opportunities for, and the problems
involved in the utilization of aeronautical and space activities for
peaceful and scientific purposes;

(5) The preservation of the role of the United States as a
leader in aeronautical and space science and technol%=y and in
the application thereof to the conduct of peaceful activities within
and outside the atmosphere;

(6) The making available to agencies directly concerned with
national defense of discoveries that have military value or signifi-
cance, and the furnishing by such agencies, to the civilian agency
established to direct and control nonmilitary aeronautical and
space activities, of information as to discoveries which have value
or significance to that agency;

72 Star. 426.
72 Star. 427.
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(7) Cooperation by the United States with other nations and
groups of nations in work done pursuant to this Act and in the
peaceful application of the results thereof; and

(8) The most effective utilization of the scientific and engineer-
ing resources of the United States, with close cooperation among
all interested agencies of the United States in order to avoid
unnecessary duplication of effort, facilities, and equipment.

(d) It is the purpose of this Act to carry out and effectuate the
policies declared l"nsubsections (a), (b), and (c).

DEFINITIONS

SEC. 103. As used in this Act-
(l) the term "aeronautical and space activities" means (A)

research into, and the solution of, problems of flight within and
outside the earth's atmosphere, (B) the development, construc-
tion, testing, and operation for research purposes of aeronautical
and space vehicles, and (C) such other activities as may be
required for the exploration of space; and

(2) the term "aeronautical. and space vehicles" means air-
craft, missiles, satellites, and other space vehicles, manned and
unmanned, together with related equipment, devices, components,
and parts.

TITLE II--COORDINATION OF AERONAUTICAL AND

SPACE ACTIVITIES

NATIONAL AERONAUTICS AND SPACE COUNCIL

Es%,ablishmen%.SEC. 201. (a) There is hereby established the National Aeronautics
and Space Council (hereinafter called the "Council") which shall be
composed of-

(l) the President (who shall preside over meetings of the
72 S't,a%. 427. Council); _

72 S%a%. 428. (Z) the secretary of State;
(3) the Secretary of Defense;
(4) the Administrator of the National Aeronautics and Space

Administration;
(5) the Chairman of the Atomic Energy Commission;
(6) not more than one additional member appointed by the

President from the departments and agencies of the Federal Gov-
ernment; and

(7) not more than three other members appointed by the Presi-
dent, solely on the basis of established records of distinguished
achievement, from among individuals in private life who are
eminent in science, engineering, technology, education, adminis-
tration, or public affairs.

Alt,rna_,. (b) Each member of the Council from a department or agency of the
Federal Government may designate another officer of his department
or agency to serve on the Council as his alternate in his unavoidable
absence.

(c) Each member of the Council appointed or designated under
paragraphs (6) and (7) of subsection (a), and each alternate member
designated under suSsection (b), shall be appointed or designated to
serve as such by and with the advice and consent of the Senate, unless
at the time of such appointment or designation he holds an office in
the Federal Government to which he was appointed by and with the
advice and consent of the Senate.
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wi(thd) It shall be the function of the Council to advise the President
respect to the performance of the duties prescribed in subsection

(e) of this section.
(e). In_conformity with the provisions of section 109 of this Ac h it Duties of

shall be the duty of the President to-- Peesident.
(1) survey all significant aeronautical and space activities, in-

cluding .the policies, .plans, programs, and accomplishments of
all agencies of the United States engaged in such activities;

(2) develop a comprehensive program of aeronautical and

sP_3_ acti.vities to be conducted .by..agencies of the United States;
( ) designate and fix responmbility for the direction of major

aeronautical and space activities;
(4) provide for effective cooperation between the National Aero-

nautics and Space Administration and the Department of
Defense in all such activities, and specify which of such activities
may be carried on concurrently by both such agencies notwith-
standing the assignment of primary responsibility therefor to one
or the other of such agencies; and

(5) resolve differences arising among departments and agencies
of the United States with respect to aeronautical and space activ-
ities under this Act, including differences as to whether a partic-
ular project is an aeronautical and sp_ce activity.

(f) The Council may employ a staff to be headed by a civilian _ployee_.
executive secretary who shall be appointed by the President by and Compen_tion.
wi.th the advice and consent of the Senate and shall receive compen-
satmn at the rate of $20,000 a year. The executive secretary, subject
to the direction of the Council, is authorized to appoint and fix tim
compensation of such personnel, including not more than three persons
who may be appointed without regard to the civil service laws or tim
Classification Act of 1949 and compensated at the rate of not more c_ star. 954.
than $19,000 ayear, as may be necessary to perform such duties as may 5 usc 1071
be prescribed by the Council in connection with the performance of note.
its functions. Each appointment under this subsection shall be sub- security
jee.t _ _the.sam.e security requirements as those established for person- cheek.
nel of the National Aeronautics and Space Administration appointed
under section 203 (b) (2) of this AcL

(g) Members of the L;buncu appointee[ 1Tom private rite nnoer sub- X Per diem.
section (a) (7) may be compensated at a rate not to exceed $100 per\_ 2 star 4o_
diem, and may be paid travel expenses and per diem in lieu of silb-
.sisten.ce in accordance with the provisions of-section 5 of the Admin- ".........
mtrat, ire E.xpenses Act of 1946 (5 U.S.C. 73b-2) relating to persons s9 star. s94.
serving without compensation.

NA_ONAX, mmONaVcxCSAm_ SPACEAVXXNIS_TmN

SBC. 202. (a) There is hereby established the National Aeronautics
and Space Administration (hereinafter called the "Administration'S.
The Administration shall be headed by an Administrator, who shall
be appointed from civilian life by the President by and with the
advice and consent of the Senate, and shall receive compensation at
the _rate_of .$22,500 per annum. Under the supervision and direction
of the President, the Administrator shall be responsible for the exer-
cise of all powers and the discharge of all duties of the Administration,
and shall have authority and control over all personnel and activities
thereof.

(b) There shall be in the Administration a Deputy Administrator,

who shall be appointed from civilian life by the President by and with
the advice and consent of the Senate, shall receis e compensation at the
rate of $21,500 per amuum, and shall perform such duties and exercise

Admint s'tx,_'t or.

Deputy
Admlni strat oz".
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5 b'SC 1071 note.

72 Stat. 429.

72 Star. 430.
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63 Stat. 377.
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such powers as the Administrator may prescribe. The Deputy Ad-
ministrator shall act for, and exercise the powers of, the Adminis-
trator durin_ his absence or disability.

(c) The _dministrator and the Deputy Administrator shall not
engage in any other business, vocation, or employment while serving
assuch.

FUNCTIONS OF THE ADMINISTRATION

Szc. 203. (a) The Administration, in order to carry out the purpose
of this Act, shall--

1) plan, direct, and conduct aeronautical and space activities;
2) arrange for participation by the scientific community in

planning scientific measurements and observations to be made
through use of aeronautical and space vehicles, and conduct or
arrange for the conduct of such measurements al_.d observations;
and

(3) provide for the widest practicable and appropriate dis-
semination of information concerning its activities and the results
thereof.

(b) In the performance of its functions the Administration is
authorized--

(1) to make, promulgate, issue, rescind, and amend rules and
regulations governing the manner of its operations and the exer-
cise of the powers vested in it by law;

(2) to appoint and fix the compensation of such officers and
employees as may be necessary to carry out such functions. Such
officers and employees shall be appointed in accordance with the
civil-service laws and their compensation fixed in accordance
with the Classification Act of 1949, except that (A) to the extent
the Administrator deems such action necessary to the discharge

of his responsibilities, he may appoint and fix the compensation
(up to a hmit of $19,000 a year, or up to a limit of $91,000 a year
for a maximum of ten positions) of not more than two hundred
and sixty of the scientffic, engineering, and administrative per-
sonnel of the Administration without regard to such laws, and
(B) to the extent the Administrator deems such action necessary
to recruit specially qualified scientific and engineering talent,, he
may establish the entrance grade for scientific and engineering
personnel without previous service in the Federal Government at
a level up to two grades higher than the grade provided for such

ersonnel under the General Schedule established by the Classi-
cation Act of 1949, and fix their compensation accordingly;

(3) to acquire (by purchase, lease, condemnation, or otherwise),
construct, improve, repair, operate, and maintain laboratories, re-
search and testing sites and facilities, aeronautical and space
vehicles, quarters and related accommodations for employees and
dependents of employees of the Administration, and such other
real and personal property (including patents), or any interest
therein, as the Administration deems necessary within and out-
side the continental United States ; to lease to others such real and
personal property; to sell and otherwise dispose of real and per-
sonal property (including patents and rights thereunder) _ in
accordance with the provismns of the Federal Property and
Administrative Services Act of 1949, as amended (40 U. S. C. 471
et seq.) ; and to provide by contract or otherwise for cafeterias
and other necessary facilities for the welfare of employees of the
Administration at its installations and purchase and maintain
equipment therefor;
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(4) to accept unconditional gifts or donations of services, Girts.
money, or property, real, personal, or mixed, tangible or
intangible;

(5) without regard to section 3648 of the Revised Statutes, as co_rac_s,
amended (31 U. S.C. 529), to enter into and perform such con- e_o.
tracts, leases, cooperative agreements, or other transactions as may so s_t. 809.
be necessary in the conduct of its work and on such terms as it
may deem a_propriate, with any agency or instrumentality of
the United States, or with any State, Territory, or possession, or
with any political subdivisiofi thereof, or with any _ersp. n, firn_.
association, corporation, or educational i nsti_t'ution. To the m axl:
mum extent practicable and consistent with the accomplishment oz
tile purpose of this Act, such contracts, leases, agreements, and
other transactions shall be allocated by the Administrator in a
manner which will enable small-business concerns to participate
equitably and proportionately in the conduct of the work of the
Administration;

(6) to use, with their consent, the servioes, equipment, personnel, Agency
and facilities of Federal and other agencies wlth or without reim- oooperation.
bursement, and on a similar basis to c..oflperate with other public
and private agencies ant! instrumentalities in the use of services,
equipment, and facilities. Each department and agency of the
Federal Government shall cooperate fully with the Admi_..str.a-
tion in making its services, equipment, personn.el, and facih.tles
available tothe Administratmn, and any _sucn aepa.runent or
agency is authorized, notwi_'thstanding any.other prov]smn ot law,
to transfer to or to receive from the Administratmn, wlmout retm-

bursement, aeronautical and space vehicl._., and supplies .and
equipment other than administrative supphes or eqtupment 1 .

(7) to appoint such advisory committees as may be appr0prm _ _jor_
for purposes of consultation and advice to the A_ministration m oomitte,s.
the performance of its functions; . .

($) to establish within the Adminmtrat]on such offi.ces and P'_e coo_lina_ion.
cedures as may be appropriate to provide _or the greatest posm e
coordination of its activities under this Act with related scientific
and other activities being carried on by other public and private 72 star. 430.
agencies and organizations_ /_2 s_at. 431.

(9) to obtain services as authorized by section 15 of the Act of
August 2, 1946 (5 U. S. C. 55a), at rates not to exceed $100 per so sta_. sl0,
diem for individuals;

(10) when determined by the Administrator to be necessary, Employment.
and subject to such security investigations as he may determine Aliens.
to be appropriate, to employ aliens without regard to statutory
provisions prohibiting payment of compensation to aliens;

(11) to employ retired commissioned officers of the armed P.etired
forces of the United States and compensate them at the rate estab- offioers.
lished for the positions occupied by them within the Administra-
tion, subject only to the limitations in pay set forth in section 212
of the Act of June 30, 1932, as amended (5 U. S. C. 59a) ; 68 st;a_. 18.

(12) with the approval of the President, to enter into coopera- A_.eements.
tire agreements under which members of the Army, Navy, Air
Force, and Marine Corps may be detailed by the appropriate
Secretary for services in the performance of functions under this
Act to the same extent as that to which they might be lawfully
assigned in the Department of Defense; and

(13) (A) to consider, a_ertain, adjust, determine, settle, and claims.
pay, on behalf of the United States, in full satisfaction thereof,
any claim for $5,000 or less against the United States for bodily
injury, death, or damage to or loss of real or personal property
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resulting from the conduct of the Administration's functions as
specified-in subsection (a) of this section, where such claim is
presented to the Administration in writing within two years after
the accident or incident out of which the claim arises ; and

(B) if the Administration considers that a claim in excess of
$5,000 is meritorious and would otherwise be covered by this
paragraph, to report the facts and circumstances thereof to the
Congress for its consideration.

CMLIAN-_ILITARY LIAISON COMM_E

S_.c. 204. (a) There shall be a Civilian-Military Liaison Com-
mittee consisting of-

(l) a Chairman, who shall be the head thereof and who shall be
appointed by the President, shall serve at the pleasure of the
President, and shall receive compensation (in the manner pro-
vided in subsection (d)) at the rate of $20,000 per annum;

(2) one or more representatives from the Department of De-
fense, and one or more representatives from each of the Depart-
ments of the Army, Navy, and Air Force, to be assigned by the
Secretary of Defense to serve on the Committee without addi-
tional compensation; and

(3) representatives from the Administration, to be assigned by
the Administrator to serve on the Committee without additional
compensation, equal in number to the number of representatives
assigned to serve on the Committee under paragraph (2).

(b) The Administration and the Department of Defense, through
the Liaison Committee, shall advise and consult with each other on
all matters within their respective jurisdictions relating to aeronauti-
cal and space activities and shall keep each other fully and currently
informed with respect to such activities.

(c) If the Secretary of Defense concludes that any request, action,
proposed action, or failure to act on the part of the Administrator is
adverse to the responsibilities of the Department of Defense, or the
Administrator concludes that any request, action, proposed action, or
failure to act on the part of the Department of Defense is adverse to
the responsibilities of the Administration, and the Administrator and
the Secretary of Defense are unable to reach an agreement with re-
spect thereto, either the Administrator or the Secretary of Defense
may refer the matter to the President for his decision (which shall be
final) as provided in section 201 (e).

(d) Notwithstanding the provisions of any other law, any active or
retired officer of the Army, Navy, or Air Force may serve as Chair-
man of the Liaison Committee without prejudice to his active or re-
tired status as such officer. The compensation received by any such
officer for his service as Chairman of the Liaison Committee shall be

equal to the amount (if any) by which the compensation fixed by sub-
section (a) (1) for such Chairman exceeds his pay and allowances
(including special and incentive pays) as an active officer, or his
retired pay.

INTERNATIONAL COOPERATION

SEC. 205. The Administration, under the foreign policy guidance
of the President, may engage in a program of international coopera-
tion in work done pursuant to this Act, and in the peaceful applica-
tion of the results thereof, pursuant to agreements made by the Presi-
dent with the advice and consent of the Senate.
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REPORTS TO THE CONGRES._

SEc. 206. (a) The Administration shall submit to the President for
transmittal to the Congress, semiannually and at such other times as it
deems desirable, a report of its activities and accomplishments.

(b) The President shall transmit to the Congress in Januar_ of each
year a report, which shad include (1) a comprehensive descmption of
the programed activities and the accomlalishments of all a_encies of
the United States in the field of aeronautms and space activitms during
the pr_n_dirig calendar year, and (2) an evaluation of such activities
and accomplishments in terms of the attainment of, or the failure to
attain, the objectives described in section 102 (c) of this Act.

(c) Any report made under this section shall contain such recom-
'mendations for additior_al legislation as the Administrator or the
President may consider necessary or desirable for the attainment of
the objectives described in section 102 (c) of this Act.

(d) No information which has been Classified for reasons of
national security shall be included in any report made under this
section, unless such information has beendeclassified by, or pursuant
to authorization given by, the President.

TITLE III--MISCELLANEOUS

NATIONAL ADVISORY COMMITTEE FOR AERONAITrICS

SEC. 301. (a) The National Advisory Committee for Aeronautics,
on the effective date of this section, shall cease to exist. On such date
all functions, powers, duties, and obligations, and all real and per-
sonal property, personnel (other than members of the Committee),
funds, and records of that organization, shall be transferred to the
Administration.

(b) Section 2302 of title 10 of the United States Code is amended by
striking out "or the Executive Secretary of the National Advisory
Committee for Aeronautics." and inserting in lieu thereof "or the Ad-
ministrator of the National Aeronautics and Space Administration.";
and section 2303 of such title 10 is amended by striking out "The Na-
tional Advisor 3- C_)mmittee for Aeronautics." and inserting in lieu
thereof "The National Aeronautics and Space Administration."

(c) The first section of the Act of Au_0_st 26, 19.50 (5 U. S. C. 22-1),
is amended by striking out "the Director. National Advisory Commit-
tee for Aeronautics" and inserting in lieu thereof "theAdministrator
of the National Aeronautics and Space Administration', and by strik-

out "or National Advisory Committee for Aeronautics" and insert-
ing in lieu thereof "or National Aeronautics and Space Administra-
tion".

(d) The Unitary Wind Tunnel Plan Act of 1949 (50 U. S. C. 511-

515) is amended (1) by striking out "The National Advisory Com,
mittee for Aeronautics (hereinafter referred to as the Committee )
and inserting in lieu thereof "The Administrator of the National
Aeronautics and Space Administration (hereinafter referred to as the
'Administrator') "; (2) by striking out "Committee" or "Committee's"
wherever the_ appear and inserting in lieu thereof "Administrator"
and "Admimstrator's", respectively; and (3) by striking out "its"
wherever it appears and inserting in lieu thereof "his".

(e) This section shall take effect ninety days after the date of the
enactment of this Act, or on any earlier date on which the Administra-
tor shall determine, and announce by proclamation published in the
Federal Register, that the Administration has been organized and is
prepared to discharge the duties and exercise the powers conferred
upon it by this Act.
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TRA_SFF.ROFRELATEDFUNCTIONS

S_c. 302. (a) Subject to the provisions of this section, the President,
for a period of four years after the date of enactment of this Act, may
transfer to the Administration any functions (including powers,
duties, activities, facilities, and parts of functions) of any other de-
partment or agency of the UnitedStates, or of any officer or organiza-
tional entity thereof, which relate primarily to the functions, powers,
and duties of the Administration as prescribed by section 203 of this
Act. In connection with any such transfer, the President may, under
this section or other applicable authority, provide for appropriate
transfers of records, property, civilian personnel, and funds.

(b) Whenever any such transfer is made before January 1, 1959,
the President shall transmit to the Speaker of the House of Repre-
sentatives and the President pro tempore of the Senate a full and
complete reportconcerningthe natureand effectof such transfer.

(c) After December 31,1958,no transfershallbe made under this
sectionuntil(1) a fulland complete reportconcerningthe natureand
effectof such proposed transferhas been transmittedby the President
to the Congress, and (2) the firstperiod of sixtycalendar days of
regularsessionof the Congress followingthe date of receiptof such
reportby the Congress has expired without the adoption by the Con-
gress of a concurrent resolutmn statingthat the Congress does not
favor such transfer.

AccessTO ZN_R_ATION

SEc. 303.Information obtainedor developedby the Administrator
intheperformance ofhisfunctionsunder thisAct shallbe made avail-
able for public inspection,except (A) information authorized or
requiredby Federal statuteto be withheld, and (B) information
classifiedto protectthe nationalsecurity:P_'ovided,That nothing in
thisAct shallauthorizethewithholdingofinformationby theAdmin-
istratorfrom the duly authorizedcommittees of the Congress.

SF_CI3qRITY

l_qulremnts. Szc. 304. (a) The Administrator shall establishsuch security
requirements,restrictions,and safeguards as he deems necessaryir.

72 _a%. 433.the interestof the nationalsecurity.The Administrator may arrange
72 _a%, 434.with the Civil ServiceCommission for the conduct of such security

or otherpersonnel investigationsof the Administration'sofficers,
employees, and consultants,and itscontractorsand subcontractors
and theirofficersand employees,actualorprospective,as he deems
appropriate;and ifany such investigationdevelopsany data reflect-
ing thatthe individualwho isthe subjectthereofisof questionable

Rei'erralto loyaltythe matter shallbe referredtothe Federal Bureau of Investi-
_.B.Z. gation for the conduct of a full field investigation, the results of

which shall be furnished to the Administrator.
Aooess _o (b) The Atomic Energy Commission may authorize any of its
_c reetrta- employees, or employees of any contractor, prospective contractor,
t4d data. licensee, or prospective licensee of the Atomic Energy Commission or

any other person authorized to have access to Restricted Data by the
Atomic Energy Commission under subsection 145 b. of the Atomic

8s star. 942. Energy Act of 1954 (42 U. S. C. 2165 (b)), to permit any member,
officer, or employee of the Council, or the Administrator, or any officer,
employee, member of an advisory committee, contractor, subcontractor,
or officer or employee of a contractor or subcontractor of the Adminis-
tration, to have access to Restricted Data relating to aeronautical and
space activities which is required in the performance of his duties and
so certified by the Council or the Administrator, as the case may be_
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but only if (1) the Council or Administrator or designee thereof has
determined, in accordance with the established personnel security pro-
cedures and standards of the Council or Administration, that permit-
ting such individual to have access to such Restricted Data will not
endanger the common defense and security, and (2) the Council or
Administrator or designee thereof finds that the established personnel
and other security procedures and standards of the Council or Admin-
istration are adequate and in reasonable conformity to the standards
established by the Atomic Energy Commission under section 145 of the
Atomic Energy Act of 1954 (42 U. S. C. 2165). Any individual 68 star. 942.

granted access to such Restricted Data pursuant to this subsection may
exchange such Data with any individual who (A) is an officer or
employee of the Department of Defense, or any department or agency
thereof, or a member of the armed forces, or a contractor or subcon-
tractor of any such department, agency, or armed force, or an officer
or employee of any such contractor or subcontractor, and (B) has been
authorized tc have access to Restricted Data under the provisions of
section 143 of the Atomic Energy Act of 1954 (42 U. S. C. 2163).

(c) Chapter 37 of title 18 of the United States Code (entitled
Espionage and Censorship) is amended by-

(1 ) adding at the end thereof the following new section :

"§ 799. Violation of regulations of National Aeronautics and Space Administration

"Whoever willfully shall violate, attempt to violate, or conspire to
violate any regulation or order promulgated by the Administrator of
the National Aeronautics and Space Administration for the protection
or security of any laboratory, station, base or other facility, or part
thereof, or any aircraft, missile, spacecraft, or similar vehicm, or part
thereof, or other property or eqmpment in the custody of the Admin-
istration, or any real or personal property or equipment in the custody
of any contractor under any contract with the Administration or any
subcontractor of any such contractor, shall be fined not more than PenalCy.
$5,000, or imprisoned not more than one year, or both."

(2) adding at the end of the sectional analysis thereof the fop
lo_ing new item: 72 SCat.434.

"799. Violation of regulations of National Aeronautics and Space Administration."/72 Stat. 435.

(d) Section 1114 of title 18 of the United States Code is amended by/Protection of
inserting immediately before "while engaged in the performance of hi_/u.s, offioers
official duties" the following: "or an_, officer or employee of the and employees.

62 Sta_ 756National Aeronautics and Space Admimstration directed[ to guard and • •
protect property of the United States under the administration and
control of the National Aeronautics and Space Administration,".

(e) The Administrator may direct such of the officers and employees Permission 1;o

of the Administration as he deems necessary in the public interest to use firearms.
carry firearms while in the conduct of their official duties. The
Administrator may also authorize such of those employees of the con-
tractors and subcontractors of the Administration engaged in the pro-
tection of property owned by the United States and located at facihties
owned by or contracted to the United States as he deems necessary in
the public interest, to carry firearms while in the conduct of their
official duties.

PROPERTY RIGHTS IN INVENTIONS

SEc. 305. (a) Whenever any invention is made in the performance
of any work under any contract of the Administration, and the Admin-
istrator determines that--

(1) the person who made the invention was employed or
assigned to perform research, development, or exploration work
and the invention is related to the work he was employed or

Espionage

and Censorship.

62 Star. 736-

738;65 Star. •

719.

18 USC 791-

798.

Violation.
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assigned to perform, or that it was within the scope of his employ-
ment duties, whether or not it was made during workinghours,
or with a contribution by the Government of the use of Govern-
ment facilities, equipment, materials, allocated fuDds, informa-
tion proprietary to the Government, or services of Government
employees during working hours; or

(2) the person who made the invention was not employed or
" -' rassigned to perform research, development, or exploration wo k,

but the invention is nevertheless related to the contract, or to the
work or duties he was employed or assigned to perform, and was
made during working hours, or with a contribution from the
Government of the sort referred to in clause (1),

such invention shall be the exclusive property of the United States,
and if such invention is patentable a patent therefor shall be issued
to the United States upon application made by the Administrator,
un]es.= the Administrator waives all or any part of the rights of the
United States to such invention in conformity with the provisions of
subsection (f) of this section.

(b) Each contract entered into by the Administrator with any
party for the performance of any work shall contain effective provi-
sions under which such party shall furnish promptly to the Admin-
istrator a written report containing full and complete technical
information concerning any invention, discovery, improvement, or
innovation which maybe made in the performance of any such work.

(c) No patent maybe issued to any applicant other than the Admin-
istrator for any invention which appears to the Commissioner of Pat-
ents to have significant utility in the conduct of aeronautical and space
activities unless the applicant files with the Commissioner, with the
ap.plication or within thirty days after request therefor by the Com-
missioner, a written statement executed under oath setting forth the
full facts concerning the circumstances under which such invention was
made and stating the relationship (if any) of such invention to the

erformance of an_y work under any contract of the Administration.
opies of each SUCh statement and the application to which it relates

shall be transmitted forthwith by the Commissioner to the Adminis-
trator.

(d) Upon any application as to which any such statement has been
transmitted to the Administrator, the Commissioner may, if the in-
vention is patentahle_ issue a patent to the applicant unless the Admin-
istrator, within ninety days after receipt of such al_plication and state-
ment, requests that such patent be issued to him onoehalf of the United
States. If, within such time, the Administrator files such a request
with the Commissioner, the Commissioner shall transmit notice thereof
to the applicant, and shall issue such patent to the Administrator
unless the applicant within thirty days after receipt of such notice
requests a hearing before a Board of Patent Interferences on the ques-
tion whether the Administrator is entitled under this section to receive
such patent. The Board may hear and determine, in accordance with
rules and procedures established for interference cases, the question
so presented, and its determination shall be subject to appeal by the
applicant or by the Administrator to the Court of Customs and Patent
Appeals in accordance with procedures.governing appeals from deci-
sions of the Board of Patent Interferences in other proceedings.

(e) Whenever any patent has been issued to any applicant in con-
formity with subsection (d), and the Administrator thereafter has
reason to believe that the statement filed by the applicant in connec-
tion therewith contained any false representation of any material
fact, the Administrator within five years after the date of issuance
of such patent may file with the Commissioner a request for the trans-
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fer to the Administrator of title to such patent on the records of the
Commissioner. Notice of any such request shall be transmitted by
the Commissioner to the owner of record of such patent, and title to
such patent shall be so transferred to the Administrator unless within
thirty days after receipt of such notice such owner of record requests
a hearing before a Board of Patent Interferences on the question
whether any such false representation was contained in such state-
ment. Such question shall be heard and determined, and determina-
tion thereof shall be subject to review, ill the manner prescribed by
subsection (d) for questions arising thereunder. No request made
by the Administrator under this subsection for the transfer of title
to ally patent, and no prosecution for the violation of any criminal
statute, shall be barred by any failure of the Administrator to make s
request under subsection (d) for the issuance of such patent to him,
or by any notice pl_viously given by the Administrator stating that
he had no objection to the issuance of such patent to the applicant
therefor.

(f) Under such regulations in conformity with this subsection as waiver°
the Administrator shall prescribe, he may waive all or any part of the
rights of the United States under this section with respect to any
invention or class of inventions made or which may be made by any
person or class of persons in the performance of any work required
by anv contract of the Administration if the Administrator determines
that the interests of the United States will be served thereby. AJly
such waiver may be made upon such terms and under such conditions
as the Administrator shall determine to be required for the protection
of the interests of the United States. EPch such waiver made with
respect to any invention shall be subject to the reservation by the
Administrator of an irrevocable, nonexclnsive, nontransferrabl_
royalty-free license for the practice of such invention throughout the
world by or on behalf of the United States or any foreign government
pursuant to any treaty or agreement with the United States. Each lnwntions
proposal for any waiver under this subsection shall be referred to an _,_ Con_ribu-

Inventions and Contributions Board which shall be established by the tions Bo_d.
Administrator within the Administration. Such Board shall accord
to each interested party an opportunity for hearing, and shall transmit
to the Administrator its findings of fact with respect to such proposal
and its recommendations for action to be taken with respect thereto.

(g) The Administrator shall determine, and promulgate regula- l.ioense

tions specifying, the terms aud conditions upon which licenses wfi_'lbe regulations.
granted by the Administration for the practice by any person (other_72 _at 436
than an agency of the United States) of any invention for which the 72 Stat" 437:
Administrator holds a patent on behalf of the United States.

(h) The Administrator is authorized to take all suitable and nec- Proteotion
essary steps to protect any invention or discovery to which he has or til;le.
title, and to require that contractors or persons who retain title to
inventions or discoveries under this section protect the inventions
or discoveries to which the Administration has or may acquire a license
of use.

(i) The Administration shall be considered a defense agency of the
United States for the purpose of chapter 17 of title 35 of the United
States Code.

(j) As used in this section-
(I) the term "person" means any individual, partnership, cor-

poration, association, institution, or other entity;
(2) the term "contract" means any actual or proposed contract,

agreement, understanding, or other arrangement, and includes
any assignment, substitution of parties, or subcontract executed
or entered into thereunder; and

Defense agenoy.

66 Star. 805-

808.

Definitions.
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(3) the term "made", when used in relation to any invention,
means the conception or first actual reduction to practice of such
invention.

CONTRIBUTIONS AWARDS

72 Star. 437.

72 Stat. 438.

SEe.306. (a) Subject to the provisions of this section, the Adminis-
trator is authorized, upon his own initiative or upon application of
any person, to make a monetary award, in such amount and upon
such terms as he shall determine to be warranted, to any person (as
defined by section 305) for any scientific or technical contribution to
the Administration which is determined by the Administrator to have
significant value in the conduct of aeronautical and space activities.
Each application made for any such award shall be referred to the
Inventions and Contributions Board established under section 305 of

this Act. Such Board shall accord to each such applicant an op-
portunity for hearing upon such application, and shall transmit to
the Administrator its recommendation as to the terms of the award,
if any, to be made to such applicant for such contribution. In deter-
mining the terms and conditions of any award the Administrator
shall take into account--

1) the value of the contribution to the United States;
2) the aggregate amount of any sums which have been ex-

pended by the applicant for the development of such contribution;
(3) the amount of any compensation (other than salary re-

ceived for services rendered as an officer or employee of the Gov-
ernment) previously received b7 the applicant for or on account
of the use of such contribution by the United States; and

(4) such other factors as the Administrator shall determine
to be material.

(b) If more than one applicant under subsection (a) claims an in-
terest in the same contribution, the Administrator shall ascertain and
determine the respective interests of such applicants, and shall appor-
tion any award to be made with respect to such contribution among
such al_plicants in such proportions as he shall determine to be equi-
table. No award may be made under subsection (a) with respect to
any contribution-

(l) unless the applicant surrenders, by such means as the Ad-
ministrator shall determine to be effective, all claims which such
applicant may have to receive any compensation (other than the
award made under this section) for the use of such contribution or
any element thereof at any time by or on behalf of the United
States, or by or on behalf of any foreign government pursuant
to any treaty or agreement with the United States, w_thin the
United State_ or at any other place;

(2) in any amount exceeding $100,000, unless the Administra-
tor has transmitted to the appropriate committees of the Congress
a full and complete report concerning the amount and terms of,
and the basis for, such proposed award, and thirty calendar days
of regular session of the Congress have expired after receipt of
such report by such committees.
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APPI_P_A_ON8

Pub. Law 85-$68
72 _t.. 436 t

S_c. 307. (.a) There are hereby authorized to be appropriated such
sums as may be necessary to carry out this Act, except that nothing in
this Act shall authorize the appropriation of any amount for (1) the
acquisition or condemnation of any real propels, or (2) any other
item of a capital nature (such as plant or facihty acquisition, con-
struction, or.,.extrusion) whichexct_qis $250,000. Sums appr?_riatod
pursuant _o uus suveecuon Tor rae construction of facilities, or
for research and development activities, shall remain available until
exl_nde&

(b) Any funds appropriated for the construction of facilities may
be used for emergency repairs of existing facilities when such ex'mt_
facilities are made inoperative by majorbrsskdown, accident, or other
circumstances and such repairs are deemed by the Administrator to
be of greater urgency than the construction of new facilities.

Approved July 29, 1958.
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MEMBERSHIPS OF CONGRESSIONAL COMMITTEES

(As of September 30, 1959)

Senate Committee on Aeronautical and Space Sciences

DEMOCRATS REPUBLICANS

Lyndon B. Johnson, Tex.,
Chairman

Richard B. Russell, Ga.

Warren G. Magnuson, W_sh.

Clinton P. Anderson, N. Max.

Robert S. Kerr, Okla.

Stuart Symington, Mo.

John Stsnnis, Miss.

Stephen M. Young, Ohio

Thomas A. Dodd, Conn.

Howard W. Cannon, Nev.

Styles Bridges, N.H.

Alexander Wiley, Wis.

Margaret Chase Smith, Maine

Thomas E. Martin, Iowa

Clifford P. Case, N.J.

House Committee on Science and Astronautics

DEMOCRATS REPUBLICANS

Overton Brooks, La., Chairman

John W. McCormack, Mass.

George P. Miller, Calif.

Olin E. Teague, Tex.
Victor Lt Anfuso, N.Y.

B. F. Sisk, Calif.
Erwin Mitchell, Ga.

James M. Quigley, Pa.

David M. Hall, N.C.

Leonard G. Wolf, Iowa

Joseph E. Karth, Minn.

Ken Hechler, W. Va.
Emilio Q. Daddario, Conn.

Walter H. Moeller, Ohio

David S. King, Utah
J. Edward Roush, Ind.

Joseph W. Martin, Jr., Mass.

James G. Fulton, Pa.

Gordon L. McDonough, Calif.

J. Edgar Chenoweth, Colo.

Frank C. Osmers, Jr., Wis.
William K. Van Pelt, Wis.

A. D. Baumhart, Jr., Ohio

Perkins Bass, N. H.

R. Walter Riehlman, N.Y.
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APPENDIX C

MEmbERSHIPOF NATIONAL AERONAUTICSAND SPACE COUNCIL

(As of September 30, 1959)

President Dwight D. Eisenhower, Chairman

Christian A. Herter
Secretary of State

Neil McElroy
Secretary of Defense

John A. McCone
Chairman, Atomic Energy
Commission

T. Keith Glennan
Administrator, National
Aeronautics and Space
Administration

Dr. Detlev W. Bronk
President, National Academy
of Sciences

Dr. Alan T. Waterman
Director, National Science
Foundat ion

Dr. John T. Rettaliata
President, Illinois Institute
of Technology, Chicago, Ill.

William A. M. Burdens
General Partner, William A. M.
Burden and Co., Investment
Bankers, New York, N. Y.

Acting Secretary

Franklyn W. Phillips

Resigned October 5.
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APPENDIX D

MEMBERSHIPOF THE CIVILIAN-MILITARY LIAISON COMMITTEE

(As of September 30, 1959)

William M. Holaday, Chairman

William J. Underwood, Assistant to the Chairman and Secretary

NASA MEMBERS

Dr. Hugh L. Dryden, Deputy Administrator

Abe Silverstein, Director of Space Flight Development

Homer J. Stewart, Director of Program Planning and Evaluation

Ira H. Abbott, Director of Aeronautical and Space Research

NASA ALTERNATES

DeMarquis D. Wyatt, Technical Assistant to the Director of

Space Flight Development

Abraham Hyatt, Assistant Director for Propulsion

DEPARTMENT OF DEFENSE MEMBERS

Roy W. Johnson, OSD, Director, Advanced Research Projects

Agency

MaJ. Gen. W. W. Dick, Jr., Army, Director of Special Weapons,

Office, Chief of Research and Development, Dept. of Army

Vice Adm. R. B. Pirie, Navy, Deputy Chief of Naval Operations

(Air)

Brig. Gen. Homer A. Boushey, Air Force, Director of Advanced

Technology, Office, Deputy Chief of Staff, Development

DOD ALTERNATES

John B. Macauley, OSD, Deputy Director, Office, Defense

Research and Engineering

Colonel Charles G. Patterson, Deputy Director of Special

Weapons, Office, Chief of Research and Development, Depart-

ment of the Army

Rear Admiral K. S. Masterson, Director Guided Missiles, Office,

Chief of Naval Operations

Colonel John R. Martin, Jr., Air Force, Deputy Director of

Advanced Technology, Office, Deputy Chief of Staff, Develop-
ment
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APPENDIX E

MEMBERSHIPOF LUNAR SCIENCE GROUP

Robert Jastrow, Goddard Space Flight Center, NASA, Chairman

Harrison Brown, California Institute of Technology, Pasadena,
Calif.

Maurice Ewing, Columbia University, New York, New York

Thomas Gold, Cornell University, Ithaca, New York

A. R. Hibbs, Jet Propulsion Laboratory, Pasadena, Calif.

Joshua Lederberg, Stanford University, Department of Genetics,
Stanford, Calif.

Gordon MacDonald, University of California, Institute of
Geophysics, Los Angeles, Calif.

Frank Press, California Institute of Technology, Pasadena,
Calif.

Bruno Rossi, Massachusetts Institute of Technology, Cambridge,
Mass.

Ernest Stuhlinger, Army Ballistic Missile Agency, Huntsville,
Ala.

Harold Urey, Scripps Institute of Oceanography, University of
California, La Jolla, Calif.
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APPENDIX F

MEMBERSHIPOF SPECIAL COMMITTEEON LIFE SCIENCES

(As of September 30, 1959)

Dr. W. Randolph Lovelace II, Chairman
Director of the Lovelace Foundation for Medical Education

and Research, Albuquerque, New Mexico

Boyd C. Myers II, Secretary

National Aeronautics and Space Administration

MEMBERS

Lt. Commander John H. Ebersole (MC)

U.S. Naval Hospital (Staff) National Naval Medical Center,

Bethesda, Maryland

Brig. Gen. Donald D. Flickinger,

Surgeon and Assistant Deputy Commander for Research Head-

quarters, Air Research and Development Command, Andrews Air

Force Base, Washington, D. C.

Col. Robert H. Holmes (MC)

Forensic and Aviation Pathology Branch

Armed Forces Institute of Pathology

Washington, D. C.

Dr. Wright H. Langham

Los Alamos Scientific Laboratory, University of California

Dr. Robert B. Livingston

Director of Basic Research in Mental Health and Neurologi-

cal Diseases, National Institutes of Health, Bethesda, Md.

Dr. Orr Reynolds

Director of Science, Office of the Assistant Secretary of

Defense for Research and Engineering, Washington, D. C.
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MEMBERSHIP OF JOINT (AEC-DOD-NASA) COMMITTEE ON HAZARDS OF

SPACE NUCLEAR SYSTEMS

Mr. Robert E. English, Lewis Research Center, NASA, Chairman

Dr. Wright Langham, Los Alamos Scientific Laboratory, Univer-

sity of California

Dr. Nathan W. Snyder, Advanced Research Projects Agency,

Department of Defense

Mr. Spurgeon Keeny, Office of the Special Assistant to the

President for Science and Technology
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APPENDIX H

MEMBERSHIPOF COMMITTEEON LONG RANGESTUDIES

(As of September 30, 1959)

John A. Johnson, NASA, General Counsel, Chairman

Arnold W. Frutkin, NASA Director of International Programs

Homer J. Stewart, NASA Director of Program Planning and Eval-
uation

Wesley J. Hjornevik, NASA Assistant to the Administrator

Jack Oppenheimer, NASA, Executive Secretary
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MEMBERSHIPOF INVENTIONS AND CONTRIBUTIONSBOARD

(As of September 30, 1959)

Robert E. Littell, Assistant to the Director of Aeronautical
and Space Research, Chairman

Paul G. Dembling, Assistant General Counsel, Vice Chairman

Elliott Mitchell, Chief of Solid Rocket Development, Office
of Space Flight Development, Member

J. Allen Crocker, Chief of Guidance and Control, Office of
Space Flight Development, Member

C. Guy Ferguson, Assistant Classification and Organization
Officer, Office of Director of Personnel, Member
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APPENDIX J

MEMBERSHIPOF NASA-DODSPACE SCIENCE COMMITTEE

Dr. Homer E. Newell, Jr., Chairman Dr. Geoffrey Keller
NASA National Science Foundation

Dr. J. F. Clark
NASA

Dr. Richard W. Davies
Jet Propulsion Laboratory
Pasadena 3, Calif.

Dr. James B. Edson
Office, Assistant Chief of
Staff, Intelligence
Department of the Army,
Washington 25, D. C.

Dr. Herbert Friedman
Naval Research Laboratory
Washington 25, D. C.

Dr. John T. Holloway
Office of the Director of Defense
Research and Engineering
Washington 25, D. C.

Washington 25, D. C.

Dr. Ward C. Low

Advanced Research Projects

Agency

Washington 25, D. C.

Mr. W. J. O'Sullivan, Jr.

Langley Research Center

Hampton, Va.

Mr. John W. Townsend, Jr.

Goddard Space Flight Center

Washington 25, D. C.

Dr. Heinrich J. Weigand

Technical Advisor,

Department of the Air Force

Washington 25, D. C.
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APPENDIX K

DISTRIBUTION OF RESEARCHGRANTSAND CONTRACTS

STATE NO. AMOUNT

Michigan
California

New York

D. C.

Texas

Illinois

Ohio

Connecticut

Colorado

lowa
Massachusetts

New Jersey
Indiana

Minnesota

Wisconsin

Maryland

Pennsylvania
Florida

North Carolina

New Hampshire

Virginia
New Mexico

Arizona

Utah

Washington
Overseas

15

19
12

12

2
8
6

5
4
2

5
2

1

3
2

3

1

1

1

1

1

1

1

1

2

$I,007,000

969,000

800,000

797,000

606,000

559,000
552,000

400,000

316,000

31_,000

299,000

209,000
200 000

166_000

122,000

i01,000

77,000
64,000

63,000

46,000

34,000
32,000

25,000

15,000
5,000

184,000
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RESEARCHPUBLICATIONS

REPORTS

1342.

1343.
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1345.
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A Variational Theorem for Creep with Applications to
Plates and Columns. By J. Lyell Sanders, Jr.,
Harvey G. McComb, Jr., and Floyd R. Schlechte, NACA

A Phenomenological Relation Between Stress, Strain
Rate, and Temperature for Metals at Elevated Tempera-
tures. By Elbridge Z. Stowell, NACA

A Simplified Method for Approximating the Transient
Motion in Angles of Attack and Sideslip During a
Constant RollinE Maneuver. By Leonard Sternfield, NACA

The Response of an Airplane to Random Atmospheric
Disturbances. By Franklin W. Diederich, NACA

Differential Equations of Motion for Combined Flap-
wise Bending, Chordwise Bending, and Torsion of
Twisted Nonuniform Rotor Blades. By John C. Houbolt
and George W. Brooks, NACA

Ditching Investigations of Dynamic Models and Effects
of Design Parameters on Ditching Characteristics.
By Lloyd J. Fisher and Edward L. Hoffman, NACA

Ground Simulator Studies of the Effects of Valve
Friction, Stick Friction, Flexibility, and Backlash
on Power Control System Quality. By B. Porter Brown,
NACA

A Low-Speed Experimental Investigation of the Effect
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Transition. By Albert E. von Doenhoff and Elmer A.
Horton, NACA

Methods for Obtaining Desired Helicopter Stability
Characteristics and Procedures for Stability Predic-
tions. By F. B. Gustafson and Robert J. Tapscott,NACA

Theory of Self-Excited Mechanical Oscillations of
Helicopter Rotors with Hinged Blades. By Robert P.
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Effect of Fuel Variables on Carbon Formation in
qh_rbojet-Engine Combustors. By Edmund R. Jonash,
Jet,old D. Wear, and William P. Cook, NACA
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An Experimental Investigation of Sting-Support

Effects on Drag and a Comparison with Jet Effects

at Transonic Speeds. By Maurice S. Cahn, NACA

Effect of Chord Size on Weight and Cooling Character-

istics of Air-Cooled Turbine Blades. By Jack B.

Esgar, Eugene F. Schum, and Arthur N. Curren, NACA

A Theoretical and Experimental Study of Planing

Surfaces Including Effects of Cross Section and Plan

Form. By Charles L. Shuford, Jr., NACA

Investigation of Separated Flows in Supersonic and

Subsonic Streams with Emphasis on the Effect of Tran-

sition. By Dean R. Chapman, Donald M. Kuehn, and

Howard K. Larson, NACA

Experimental Determination of Effects of Frequency

and Amplitude on the Lateral Stability Derivatives

for a Delta, a Swept, and an Unswept Wing Oscillat-
ing in Yaw. By Lewis R. Fisher, NACA

On Flow of Electrically Conducting Fluids Over a

Flat Plate in the Presence of a Transverse Magnetic
Field. By Vernon J. Rossow, NACA

Thin Airfoil Theory Based on Approximate Solution

of the Transonic Flow Equation. By John R. Sprelter
and Alberta Y. Alksne, NACA

Growth of Disturbances in a Flame-Generated Shear

Region. By Perry L. Blackshear, Jr., NACA

Approximate Analysis of Effects of Large Deflec-
tions and Initial Twist on Torsional Stiffness

of a Cantilever Plate Subjected to Thermal Stresses.

By Richard R. Heldenfels and Louis F. Vosteen, NACA

Theoretical Combustion Performance of Several High-

Energy Fuels for Ramjet Engines. By Leonard K. Tower,

Roland Breitwieser, and Benson E. Gammon, NACA

Origin and Prevention of Crash Fires in Turbojet

Aircraft. By I.Irving Pinkel, Solomon Weiss,

G. Merritt Preston, and Gerard J. Pesman, NACA

Measurement of Static Pressure on Aircraft.
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1371.

1372.

1373.

1374.

1375.

A Correlation of Results of a Flight Investigation

With Results of an Analytical Study of Effects of

Wing Flexibility on Wing Strains Due to Gusts.

By C. C. Shufflebarger, Chester B. Payne, and

George L. Cahen, NACA

The Mechanism of Thermal-Gradient Mass Transfer in

the SodlumHydroxide-Nickel System. By Charles E.

May, NACA

Calculated and Measured Stresses in Simple Panels

Subject to Intense Random Acoustic Loading Including

the Near Noise Field of a Turbojet Engine. By Leslie

W. Lassiter and Robert W. Hess, NACA

Systematic Two-Dimenslonal Cascade Tests of NACA 65-

Series Compressor Blades at Low Speeds. BY James C.

Emery, L. Joseph Herrig, John R. Erwin, and

A. Richard Felix, NACA

Blowing-Type Boundary-Layer Control as Applied to the

Trailing-Edge Flaps of a 55 ° Swept-Wing Airplane.

By Mark W. Kelly, Seth B. Anderson, and Robert C.
Innis, NACA

Area-Suction Boundary-Layer Control as Applied to the

Trailing-Edge Flaps of a 35 ° Swept-Wing Airplane.

BY Woodrow L. Cook, Seth B. Anderson, and George E.

Cooper, NACA

Investigation of Some Wake Vortex Characteristics of

an Inclined Ogive-Cylinder Body at Mach Number 2.

By Leland H. Jorgensen and Edward W. Perkins, NACA

A Method of Computing the Transient Temperature of

Thick Walls From Arbitrary Variation of Adiabatic-

Wall Temperature and Heat-Transfer Coefficient.

By P. R. Hill, NACA

Theoretical Analysis of Total-Pressure Loss and Air-

flow Distribution for Tubular Turbojet Combustors
with Constant Annulus and Liner Cross-Sectional Areas.

By Charles C. Graves and Jack S. Grobman, NACA

The Similarity Rules for Second-Order Subsonic and

Supersonic Flow. By Milton D. Van Dyke, NACA

A Wind-Tunnel Investigation of the Aerodynamic

Characteristics of a Full-Scale Supersonic-Type Three-

Blade Propeller at Mach Numbers to 0.96. By Albert

J. Evans and George Liner, NACA
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1383.

1384.
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1386.

1387.

1388.

Elliptic Cones Alone and With Wings at Supersonic

Speeds. By Leland H. Jorgensen, NACA

Measurements of Free-Space Oscillating Pressures Near

Propellers at Flight Mach Numbers to 0.72. By Max C.

KurbJun and Arthur W. Vogeley, NACA

A Method for Simulating the Atmospheric Entry of Long-

Range Ballistic Missiles. By A. J. Eggers, Jr., NACA

Compressible Laminar Boundary Layer Over a Yawed In-

finite Cylinder With Heat Transfer and Arbitrary

Prandtl Number. By Eli Reshotko and Ivan E. Beckwith,
NACA

An Analysis of Pressure Studies and Experimental and
Theoretical Downwash and Sidewash Behind Five Pointed-

Tip Wings at Supersonic Speeds. By William B.

Boatwright, NACA

A Study of the Motion and Aerodynamic Heating of Bal-

listic Missiles Entering the Earth's Atmosphere at

High Supersonic Speeds. By H. Julian Allen and A. J.

Eggers, Jr., NACA

A Comparative Analysis of the Performance of Long-

Range Hypervelocity Vehicles. By Alfred J. Eggers, Jr.,
H. Julian Allen, and Stanford E. Neice, NACA

Survey of Hydrogen Combustion Properties.

L. Drell and Frank E. Belles, NACA

By Isadore

A Summary of Preliminary Investigations Into the
Characteristics of Combustion Screech in Ducted Burners.

By Lewis Laboratory Staff, NACA

Drag Minimization for Wings and Bodies in Supersonic

Flow. By Max A. Heaslet and Franklyn B. Fuller, NACA

Investigation of the Drag of Various Axially Symmetric

Nose Shapes of Fineness Ratio 3 for Mach Numbers from

1.24 to 7.4. By Edward W. Perkins, Leland H. Jorgensen,

and Simon C. Sommer, NACA

Full-Scale Investigation of Several Jet-Engine Noise-

Reduction Nozzles. By Willard D. Coles and Edmund E.
Callaghan, NACA

NACA Research on Slurry Fuels. By M. L. Pinns, W. T.

Olson, H. C. Barnett, and R. Breitwieser, NACA
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1390.

1391.

1392.

Characteristics of the Langley 8-Foot Transonic Tun-
nel With Slotted Test Section. By Ray H. Wright,
Virgil S. Ritchie, and Albin 0. Pearson, NACA.

Incompressible Flutter Characteristics of Represen-
tative Aircraft Wings. By C. H. Wilts, California
Institute of Technology.

Investigation of a Nonlinear Control System.

By I. Fl_gge-Lotz, C. F. Taylor, and H. E. Lindberg,

Stanford University.

Boron and Zirconium From Crucible Refractories in a

Complex Heat-Reslstant Alloy. BY R. F. Decker,

John P. Rowe, and J. W. Freeman, University of Michigan.

D-1

D-2°

D-3.

D-4.

D- 5 .

D-6.

D-8.

TECHNICAL NOTES

A Study of the Acoustic Fatigue Characteristics of

Some Flat and Curved Aluminum Panels Exposed to Random

and Discrete Noise. By Robert W. Hess, Robert W. Herr,

and William H. Mayes.

Approximate Composition and Thermodynamic Properties

of Nonionized Nitrogen-0xygen Mixtures. By Richard A.
Hord.

An Examination of Methods of Buffeting Analysis Based

on Experiments with Wings of Varying Stiffness.

By A. Gerald Rainey and Thomas A. Byrdsong.

Influence of Shaft Deflection and Surface Roughness on

Load-Carrying Capacity of Plain Journal Bearings.
By F. H. Raven and R. L. Wehe.

Investigation of Methods for Computing Flutter Charac-

teristics of Supersonic Delta Wings and Comparison

withExperimental Data. By C. H. Wilts.

Vacuum-Induction, Vacuum-Arc, and Air-Induction Melt-

Ing of a Complex Heat-Reslstant Alloy. By R. F.

Decker, John P. Rowe, and J. W. Freeman.

Laminar Skin-Friction and Heat-Transfer Parameters

for a Flat Plate at Hypersonic Speeds in Terms of

Free-Stream Flow Properties. By James F. Schmidt.
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D-10.
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D-12.

D-13.
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D-15.

D-16.

D-17.

D-18..

D-19.

Experimental Investigation of Air Film Cooling Applied

to an Adiabatic Wall by Means of an Axially Discharg-

ing Slot. By S. Stephen Papell and Arthur M. Trout.

On Series Expansions in Magnetic Reynolds Number.

By Vernon J. Rossow.

Measured and Predicted Section Wave Drag Coefficients

at a Mach Number of 1.8 for a Delta Wing with Two Air-

foil Sections. By Frederick C. Grant.

Solutions of the Laminar Compressible Boundary-Layer

Equations with Transpiration which are Applicable to

the Stagnation Regions of Axisymmetrlc Blunt Bodies.

By John T. Howe and William A. Mersman.

Effectiveness of an All-Movable Horizontal Tall on an

Unswept-Wing and Body Combination for Mach Numbers

from 0.60 to 1.40. By Louis S. Stivers, Jr.

Transonic Aerodynamic Characteristics of Several

Bodies Having Elliptical Cross Sections and Various

Plan Forms. By Robert A. Taylor.

Experimental Investigation at Transonic Speeds of Pres-

sure Distributions Over Wedge and Circular-Arc Airfoil
Sections and Evaluation of Perforated-Wall Interference.

By Earl D. Knechtel.

Low-Speed Wind-Tunnel Investigation of Blowing Bound-

ary-Layer Control on Leading-and Trailing-Edge Flaps
of a Full-Scale, Low-Aspect-Ratio, 42 ° Swept-Wing

Airplane Configuration. By Ralph L. Maki and Dame J.
Giullanetti.

Wind-Tunnel Investigation of Effect of Ratio of Wing

Chord to Propeller Diameter with Addition of Slats

on the Aerodynamic Characteristics ofLTilt-Wing VTOL

Configurations in the Transition Speed Range. By

Robert T. Taylor.

Two Techniques for Detecting Boundary-Layer Transi-

tion in Flight at Supersonic Speeds and at Altitudes
above 20,000 Feet. By John G. McTigue, John D.

Overton, and Gilbert Petty, Jr.

Consideration of Some Aerodynamic Characteristics

During Take-Off and Landing of Jet Airplanes.

By John M. Riebe.

- 230 -



D-20.

D-21.

D-22.

D-24.

D-25.

D-26.
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D-28.
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D-32.
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The Analysis and Design of Continuous and Sampled-

Data Feedback Control Systems with a Saturation

Type Nonlinearity. _j Stanley Francis Schmidt.

Near-Field and Far-Field Noise Surveys of Solid-Fuel

Rocket Engines for a Range of Nozzle Exit Pressures.

By William H. Mayes, Wade E. Lanford, and Harvey H.
Hubbard.

Measurements of Ground-Reactlon Forces and Vertical

Accelerations at the Center of Gravity of a Transport

Airplane Taxiing Over Obstacles. By James H. McKay.

Calculation of Supersonic Flow Past Bodies Supporting

Shock Waves Shaped Like Elliptic Cones. By Benjamin

R. Briggs.

Large-Scale Wind-Tunnel Tests of an Airplane Model

with an Unswept, Aspect-Ratio-10 Wing, Four Propellors,

and Blowing Flaps. By James A. Weiberg and V. Robert

Page.

Moving-Cockpit Simulator Investigation of the Minimum

Tolerable Longitidinal Maneuvering Stability. BY
B. Porter Brown and Harold I. Johnson.

Shielding Stagnation Surfaces of Finite Catalytic

Activity by Air Injection in Hypersonic Flight.

By Paul M. Chung.

A Combined Water-Bromotrifluoromethane Crash-Fire

Protection System for a T-56 ,"hlrbopropeller Engine.

By John A. Campbell and Arthur M. Busch.

Summary of VGH and V-G Data Obtained from Piston-

Engine Transport Airplanes from 1947 to 1958.

By Walter G. Walker and Martin R. Copp.

A Dynamic Model Investigation of the Effect of a

Sharp-Edge Vertical Gust on Blade Periodic Flapping

Angles and Bending Moments of a Two-Blade Rotor.

By John Locke McCarty, George W. Brocks, and

Domenic J. Maglieri.

A Limited Flight and Wind-Tunnel Investigation of

Paddle Spoilers as Lateral Controls. By Robert G.
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Free Fall and Evaporation of JP-4 Fuel Droplets in
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Airplane and Engine Responses to AbIA1pt Throttle

Steps as Determined from Flight Tests of Eight
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Bernard A. Schlaff.
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Data from a Four-Engine Turboprop Transport Operating
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Effect of Chordwise Heat Conduction on the Torsional
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Constant Heat Input. By Robert G. Thomson and J.

Lyell Sanders, Jr.

Effects of Water-Landing Impact on an Orbital Capsule
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Howard G. Hatch, Jr.

An Approximate Analysis of Unsteady Vaporization Near

the Stagnation Point of Blunt Bodies. By Leonard
Roberts.

An Evaluation of Linearized Vortex Theory as Applied
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Ground Measurements of the Shock-Wave Noise from
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Harvey H. Hubbard, and Donald L. Lansing.

Wind-Tunnel Investigation of the Aerodynamic Charac-
teristics of a Model Representative of a Supersonic
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Newson, Jr.

Shock-Tube Heat-Transfer Measurements on Inner Sur-

face of a Cyllnder (Simulatin_ a Flat Plate) for
Stagnatlon-Temperature Range 4,100 ° to 8,300 ° R.
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Investigation of Vibration Characteristics of
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Engine Design; Experimental Effect of Chamber Di-
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